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I. BACKGROUND 

Millington Quarry is located within Bernards Township in Somerset County, New Jersey 

(Figure 1).  The quarry has been in operation since 1895 and is used to extract and process trap 

rock, a major source of road construction stone, and red rock.  Millington Quarry is licensed 

under Section 4-9 of Bernards Township’s Ordinance.  The quarry owner (Millington Quarry, 

Inc.) is currently developing a Reclamation Plan in accordance with Bernards Township 

Ordinance § 4-9.5 to restore the quarry property for productive use after quarrying activities 

cease.  A prominent lake feature will form in the quarry when dewatering activities cease.  As a 

result, this Lake Management Plan was developed by Omni Environmental LLC (Omni) on 

behalf of Millington Quarry, Inc. in support of its 2011 Quarry Reclamation Plan, which was 

prepared by Page Engineering Consultants, PC (PEC).  This Lake Management Plan specifically 

addresses Bernards Township’s Resolution #080308 paragraph #23, which was issued in 

response to a previous Quarry Reclamation Plan application. 

The quarry property consists of almost 180 acres east of Stonehouse Road, south and 

southwest of the New Jersey Transit Railroad right of way, west of Pond Hill Road, and north of 

the subdivisions along Haas Road, namely Keats Road, Overlook Avenue, Hunter’s Lane, and 

Deer Creek Drive (Figure 2).  Topographically, the quarry property has been excavated over the 

years such that it forms its own self contained watershed with no natural drainage out of the 

quarry.  The low point in the quarry is to the northeast, adjacent to the shear wall beneath the 

railroad track, where a 4 to 5 acre pond exists currently.  The water level is maintained well 

below its natural levels through a pump that discharges through a pipeline that runs up the wall 

to the Passaic River east of the quarry property.  Omni delineated the drainage basin of the 

quarry based on detailed topography as well as information regarding the drainage patterns of 

nearby residential subdivisions.  For instance, the residential subdivision to the west of 

Stonehouse Road does not drain to the quarry, while a portion of the residential cul-de-sac east 

of Stonehouse Road (northwest of the quarry) does in fact drain to the quarry.  A minor portion 

of the quarry property drains outside the quarry to the Passaic River; conversely, a minor portion 

of the quarry drainage basin consists of residential areas outside the quarry property.  The 

drainage area of the quarry and its current topography is shown in Figure 2. 
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The purpose of the lake management plan is to describe how the lake will be constructed 

and maintained in such a way as to ensure that the resulting lake feature will support future uses 

of the site.  Many uses, such as a residential subdivision, would benefit from having a beautiful 

and healthy lake within the site.  The lake feature that will form as a result of the reclamation of 

Millington Quarry will be aesthetically attractive, clean, and supportive of a healthy aquatic life 

community.   
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II. LAKE CONSTRUCTION PLAN 

Hydrologic and geologic studies
1
 performed previously by Leggette, Brashears & 

Graham, Inc. (LBG) demonstrate that after pumping ceases, the water level in the quarry will 

increase to an elevation of approximately 220 feet above mean sea level (msl), resulting in a 

prominent lake feature on the property.  Figure 3
2
 shows the proposed grading plan prepared by 

PEC for the quarry reclamation, which will result in the formation of a 50-acre lake with a 

maximum depth of approximately 100 feet and an average depth of 51 feet.  Earth-moving and 

grading activity associated with quarry reclamation is expected to occur over a two to three year 

period, during which time 450,000 cubic yards of overburden will be imported to the quarry.  

During the construction phase of reclamation, the water level will be reduced through pumping 

from its current elevation of 157 feet above msl to approximately 140 feet above msl, which is 

assumed to be the baseline elevation of the lake prior to filling.  

The bottom of the quarry is bedrock basalt, with compacted fill and deposited sediment in 

the deepest basins.  The reclamation plan calls for lining the entire bottom and fill slope from 

140 feet above msl up to an elevation of 225 feet with riprap (basalt).  This configuration 

addresses Resolution #080308 paragraph #30 by eliminating the need for lining the lake with soil 

material.  A stone bottom will minimize the introduction of nutrients into the lake and also 

provide fish habitat.  Large boulders will also be emplaced at various elevations to provide 

additional fish habitat.  While fish stocking is not contemplated at this time, the lake feature that 

develops will certainly support a high quality reproducing fishery (this addresses Resolution 

#080308 paragraphs #37-38).  A fish stocking program should be considered as part of a 

development application in the future. 

                                                 
1
 Leggette, Brashears & Graham, Inc.  “Hydrologic Impacts Assessment Summary Update for the Millington 

Quarry.” January, 2005. 

  Karen Benson and Frank Getchell, P.G.  “Update of Hydrologic Impacts Assessment for the Proposed Millington 

Quarry Reclamation Project.”  Leggette, Brashears & Graham, Inc.  January 24, 2008. 

2
 For more detailed full size grading plan, see 2011 Millington Quarry Reclamation plan sheet entitled “Grading 

Plan Drawing #3,” prepared by Page Engineering, Inc., dated October 13, 2011.  
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A. Stormwater Management 

While the quarry is a self-contained watershed with no off-site stormwater discharge, 

stormwater is still relevant within the quarry due to the potential for stormwater to erode soils 

and negatively affect water quality in the lake.  Several stormwater features are incorporated 

into the reclamation site design, and serve to satisfy Resolution #080308 paragraphs #20, 32 

and 33.  The lake banks from 140 up to 225 feet above msl will be covered with riprap.  

Riprap provides stabilization and erosion control as well as stormwater filtration.  In 

addition, riprap provides a deterrent for resident geese populations, since geese cannot easily 

walk on riprap and do not prefer it.  During reclamation construction, a stone sediment filter 

at approximately 148 feet above msl will be used to detain and filter stormwater before it 

enters the existing quarry settling pond (Figure 3).  Sediment is expected to accumulate 

upslope of these stone filters, and may be removed to avoid movement of sediment into the 

pond during storm events.  This stormwater feature will protect the pond during construction 

before it begins to fill into a lake feature, and will be left for additional fish habitat within the 

future lake.   

Finally, a series of water quality forebays will be constructed just upslope of the 

riparian buffer surrounding the lake to the south (Figure 3).  These forebays will contain 

riprap on the bottom during the reclamation construction phase.  They are designed to retain 

and infiltrate the runoff volume associated with the water quality storm, and are also 

designed to store at least one year of sediment (in addition to the volume of the water quality 

storm) that might accumulate during reclamation construction.  Storms in excess of the water 

quality storm will be discharged through riprap swales into the lake.  As needed (expected to 

be needed no more than once per year), excessive silt will be removed from the forebays 

during construction to maintain their function.  Forebay sizing calculations and riprap swale 

calculations are provided in Appendix A.  The forebays collect runoff from all but 

approximately 16 acres
3
 to the northwest of the future quarry lake.  After the upland areas to 

the south are stabilized, as part of a future development plan, the forebays can be converted 

                                                 
3
 The area to the northwest of the future lake is currently stabilized with meadow vegetation and drains to the lake.  

This area is subject to NJDEP regulation due to the nature of the fill, and will be managed in accordance with a 

Memorandum of Agreement (MOA) that is currently under development; hence it is referred to as the MOA Area.   
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Figure 4:  Cross Section of Basin Showing Berm, Safety Ledge, and Riparian Buffer 
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III. HYDROLOGIC BUDGET 

An annual hydrologic budget was prepared to satisfy Ordinance § 4-9.5.a.10.  The budget 

is based on geologic and hydrogeologic analyses performed by LBG, the proposed grading plan 

for the reclamation plan prepared by PEC, and the quarry watershed delineated by Omni (Figure 

2).  Once the reclamation construction is completed and pumping ceases, both groundwater and 

surface water will accumulate within the former quarry and form a lake.  Based on the analyses 

performed by LBG, regional groundwater can be ignored as a source (and sink) term because the 

rock formation yields very little groundwater due to its low permeability and fracturing.  Filling 

of the lake will result from precipitation that falls within the quarry watershed and enters the lake 

through one of three pathways: 1) precipitation that falls directly on the lake surface will 

contribute directly to the lake volume; 2) a portion of precipitation within the quarry watershed 

will generate runoff and drain to the lake; and 3) a portion of precipitation within the quarry 

watershed will enter the subsurface through infiltration and reach the lake indirectly as recharge.  

Because of the forebays upslope of the berm around the lake (Figure 3), much of the water from 

the contributing land areas will enter the lake as recharge rather than runoff.  Losses of water 

include evaporation from the lake surface and evapotranspiration from contributing land areas.  

LBG estimated the following components that were utilized for the hydrologic budget: 47 

inches/year precipitation; 23 inches/year combined recharge and runoff rate from contributing 

land area; and 32.5 inches/year evaporation rate from the lake surface.  These values are 

reasonable approximations based on the information available.   

Based on the assumptions described above, a simple hydrologic budget is provided in 

Table 1 for the period during which the lake will fill with water.  The lake is expected to reach 

elevation 168 feet above msl, the bottom of the constructed bank (see Figure 3), in the first 16 

months and rise to its expected final elevation of 220 feet above msl in 7.9 years.  In order to 

bound this estimate, Omni performed the analysis using a low inflow (recharge plus runoff into 

lake) rate value of 40% of precipitation (19 inches/year) and a high inflow rate of 75% of 

precipitation (35 inches/year).  These boundary estimates indicate that the lake will fill between 

5.4 and 9.3 years after pumping ceases, assuming a starting lake elevation of 140 feet above msl 

and final lake elevation of 220 feet above msl.  There is a possibility that material may be mined 

from the near bottom of the quarry to be used to comply with NJDEP requirements for the MOA 
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area.  Such excavation, if required, would have only a minor impact on the filling rate for the 

lake, on the order of a few months. 

Table 1:  Annual Hydrologic Budget for Lake During Filling Period 

Year 
Contributing 
Land Area 

(ft²) 

Lake Area 
(ft²) 

Recharge and 
Runoff into Lake 

(ft³) 

Direct 
Precipitation 
onto Lake (ft³) 

Lake 
Evaporation 

(ft³) 

0 7,530,578 168,022 14,433,608 658,086 455,060 

1 6,559,939 1,138,661 12,573,217 4,459,755 3,083,873 

2 6,265,541 1,433,059 12,008,953 5,612,815 3,881,202 

3 6,096,753 1,601,847 11,685,442 6,273,902 4,338,337 

4 5,954,660 1,743,940 11,413,098 6,830,432 4,723,171 

5 5,831,705 1,866,895 11,177,435 7,312,004 5,056,173 

6 5,738,943 1,959,657 10,999,642 7,675,322 5,307,403 

7 5,639,972 2,058,628 10,809,946 8,062,961 5,575,452 

7.9+ 5,519,242 2,179,358 10,578,547 8,535,819 5,902,428 

 

During the filling period, approximately 50% of the final surface area will be reached in 

the first year, after which surface area will increase nearly linearly until the final lake elevation is 

achieved.  Lake volume increases nearly linearly throughout the filling period.  Figure 5 shows 

the expected increase in lake surface area and volume during the filling period.  Figure 6 shows 

the area of the lake at elevations corresponding to the assumed level before filling, 16 months 

after filling begins, 4 years after filling begins, and the assumed final lake elevation of 220 feet 

above msl. 

Figure 5:  Lake Surface Area and Volume Changes During Filling Period 
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During lake filling, the difference between hydrologic loads (recharge, runoff and direct 

precipitation) and hydrologic losses (evaporation) will be added to the lake volume as 

incremental storage.  According to LBG, when the lake level reaches approximately 220 feet 

above msl, the rock strata becomes much more permeable, allowing the lake level to equilibrate 

with the regional water table.  As a result, the difference between hydrologic loads and losses 

will flow out of the lake as a net groundwater loss (Figure 7).  This outflow from the lake 

represents additional recharge to the regional groundwater system, which will help maintain well 

levels and stream baseflow in the area. 

Figure 7:  Annual Hydrologic Budget of Lake (Post-Filling) 
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IV. VEGETATION PLAN 

A Vegetation Plan was developed by Davies Associates Landscape Architects, LLC 

(Davies) in support of the Quarry Reclamation Plan.  The top two feet of all overburden soil shall 

be native material from site, suitable to support vegetation, free from hard clods, stiff clay, 

cement, concrete, or any other undesirable material.  The Vegetation Plan provides native plant 

lists and seed mixes for the four vegetation planning areas on the site, shown in Figure 8 and 

described below.  The actual landscape plans for the four vegetation planning areas are provided 

in Appendix B.  Plant lists for each of the vegetation planning areas are also provided on the 

landscape plans in Appendix B. 

A. Riparian Buffer 

As shown in Figure 8, a vegetated riparian buffer is proposed along the entire berm 

on the south side of the lake.  This is a significant riparian buffer that will stabilize the berm, 

attract wildlife, and provide aesthetic beauty to the lake landscape.  Figure 4 shows a profile 

view of the riparian buffer, which will begin at elevation 220 feet above msl and extend a 

minimum of 70 feet over the berm to the bottom of the forebays.  The vegetated riparian 

buffer is 105 feet wide in some places (between the forebays), resulting in an average 

riparian buffer width of over 80 feet.  Native plants that are adapted to a variety of moisture 

conditions will be used to stabilize the lake berm.  These plants will establish themselves 

rapidly, and will provide food and nesting areas for wildlife, including small mammals, 

reptiles, and birds.  Plants with a range of seasonal color and texture will be selected to 

improve the aesthetics of the site.  Species of wet site tolerant trees, shrubs, perennial 

grasses, sedges, flowers and groundcovers will be introduced to the site.   

Because the berm with the riparian buffer will be installed approximately eight years 

before the lake reaches its final elevation, the elements of the riparian buffer will be installed 

in phases.  Some of the more water-dependent species within the riparian buffer will be 

installed only when the lake reaches near its final elevation.  Initially, the entire riparian 

buffer will be stabilized immediately with a meadow seed mix (see Upper Meadow section 

below).  Subsequent elements will be installed when conditions are appropriate. 
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V. LAKE CHARACTERIZATION  

A. Preliminary Sampling Results 

An initial sampling event was performed on September 27, 2011.  The purpose of this 

initial event was to provide data to assist in the development of a Lake Characterization Plan 

and to serve as the fall sampling for a lake characterization event.  Sampling was performed 

on both the existing pond at the bottom of Millington Quarry as well as the more mature 

quarry lake that formed in the nearby Bernardsville Quarry.  As quarrying activities ceased 

approximately 20 years ago, and as described in the subsequent section, the lake in 

Bernardsville Quarry provides a meaningful baseline as to the water quality that would be 

expected in the lake that will form in Millington Quarry.  The location and geologic setting 

of Bernardsville Quarry relative to Millington Quarry is shown in Figure 9. 

Nutrients and sediments are the principal causes of impairments to many lakes and 

ponds, because they can stimulate excessive algae growth and cause lakes to fill in 

prematurely.  Therefore, the initial sampling event and assessment was focused on the 

trophic state of the quarry ponds and the degree to which aesthetic and aquatic life uses are 

supported.  In addition, a complete priority pollutant scan (including volatiles, semi-volatiles, 

pesticides, metals, and PCBs) was performed to provide a baseline in each lake regarding 

toxics and metals.  A Quality Assurance Sampling Plan for the monitoring performed as well 

as the future monitoring proposed is provided in Appendix C. 
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1. Description of Sampling 

Sampling and assessment closely mirrors the protocol used by the New Jersey 

Department of Environmental Protection (NJDEP) for its Ambient Lake Monitoring 

Network; the main differences are the addition of a priority pollutant scan and analysis of 

phytoplankton cell count and composition.   

Three mid-lake sampling locations were identified within each lake (Figure 10).  Note 

that “mid-lake” in this context does not mean the middle of the lake.  Rather it means the 

main body of the lake that best characterize the lake as a whole.  In Millington Quarry, the 

sampling stations were therefore closer to the cliff where the deeper areas are located; also, 

the shallow portion on the western side was excluded because it had only recently been 

inundated with stormwater runoff when the lake level rose above its normal level maintained 

during quarrying.  At each lake monitoring location, in-situ analyses of dissolved oxygen, 

pH, temperature, and conductivity were performed as a depth profile throughout the water 

column.  In addition, transparency was measured at each location using a Secchi disc.  

Two discrete samples at each station (a near-surface sample and a sample near the bottom) 

were collected and analyzed at a certified laboratory for the following parameters: alkalinity, 

hardness, total phosphorus, dissolved orthophosphorus, total Kjehldahl nitrogen, ammonia as 

N, nitrate as N, total suspended solids, and turbidity.  Surface samples were also analyzed for 

chlorophyll-a to characterize phytoplankton concentration in the photic zone.  At the most 

central location in each lake (MQ2 and BQ2 in Figure 10), the bottom sample
4
 was analyzed 

for a complete priority pollutant scan, including volatiles, semi-volatiles, pesticides, metals, 

and PCBs.  Also at MQ2 and BQ2, a depth-integrated surface sample was collected in each 

lake and analyzed for phytoplankton cell count and composition.   

                                                 
4
 Bottom sample was selected for the priority pollutant scan as a screening tool because the hypolimnion tends to 

exhibit lower water quality (higher pollutant concentrations) than the epilimnion.   
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Aquatic vegetation was assessed qualitatively in each lake in terms of percent cover, 

extent, and principal species.  The lake perimeters were observed for inlets, outlets, and 

stormwater discharge locations; digital photos were taken to provide a visual record.  Finally, 

a bathymetric survey was performed in the pond at the bottom of Millington Quarry.  

Existing topographic data in the quarry extend down to an elevation of 142 feet; the 

bathymetric survey was used to develop topographic information from 142 feet to the bottom 

of the quarry. 

2. Initial Sampling Results 

While it had not rained in the three days prior to the fall sampling event, it is 

helpful to understand that the six week period leading up to the fall sampling event was 

characterized by multiple large precipitation events (Figure 11) totaling 17 inches of rain 

(August 12 to September 27).  Assuming approximately half of the inflow to the lake is 

from runoff (as opposed to recharge), this amount of rain translates into over 2.3 million 

cubic feet of runoff (approximately 15% of the lake volume at the time of sampling).  

Since the site is an active quarry, there is ongoing earth-moving activity resulting in 

erodible areas.  Under existing conditions, the pond at the bottom of Millington Quarry 

basically functions like a sedimentation basin for the site.  Therefore, it would be 

expected that this amount of relatively uncontrolled runoff, combined with a small lake 

volume, would negatively affect water quality in the existing lake. 
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Figure 11:  Precipitation in the Six Weeks Prior to Fall Sampling Event 

 
 

The in-situ chemical profiles (see graphs and data tables in Appendix D) indicate 

that the lakes in both Millington and Bernardsville quarries were stratified at the time of 

sampling.  Stratification means that the lake exhibits three vertical layers: a warmer 

surface layer (epilimnion), a colder bottom layer (hypolimnion), and a transition area 

(metalimnion or thermocline).  This is certainly to be expected in the lake in 

Bernardsville Quarry, since the depth is approximately 120 feet (36.5 meters).  

Stratification was much less pronounced in the pond at the bottom of Millington Quarry, 

which is expected since the observed depths were much less and ranged from 20 to 41 

feet (6 to 12.5 meters).  Temperature and dissolved oxygen in both bodies of water 

indicate that they would be supportive of warmwater, coolwater, and coldwater fishery 

communities.  However, the portion of the pond depth in Millington Quarry that would 

potentially support a fishery was relatively small (approximately 9 feet).  Typical of 

stratified lakes, the hypolimnion was anoxic in both bodies of water.  pH in both bodies 

of water is slightly alkaline and well within the acceptable range supportive of aquatic 
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life.  Specific conductivity increased with depth in both bodies of water; however, 

specific conductivity increased to much higher levels in the pond at the bottom of 

Millington Quarry.  In-situ profiles at all three stations were similar in each lake, 

indicating that both bodies of water are fairly well-mixed laterally.  One exception was 

pH in the lake in Bernardsville Quarry at BQ3, which appeared to be affected by the 

nearby stormwater inlet that was discharging at the time of sampling. 

A summary of the chemical data are provided in Tables 2 and 3 below.  The full 

laboratory reports containing all the analyzed parameters can be found in Appendix E.  

The lake at Bernardsville Quarry was generally of much higher water quality than the 

pond at the bottom of Millington Quarry.  Clarity was certainly much better, as the 

Secchi depth (a measurement of light penetration) at Bernardsville Quarry was nearly 4.5 

meters compared to only 1 meter in Millington Quarry (see in-situ data in Appendix D).  

The difference in clarity can be attributed to the high chlorophyll-a (average 320 µg/l) in 

the pond in Millington Quarry, indicative of an algal bloom.  By comparison, the average 

chlorophyll-a observed in the lake in Bernardsville Quarry was 12.3 µg/l.   
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Table 2:  Conventional Water Chemistry Data 

Sampling 

Depth

(m)

09/27/11 11:00 NA < 2.5 < 0.1 < 1 < 0.5 < 0.2 0.018 0.041 < 10 < 2.5 0.45

Surface 09/27/11 14:00 1.0 123 < 0.1 267 < 0.5 5.45 < 0.01 0.069 92 4.0 2.7

Bottom 09/27/11 14:15 5.0 155 0.12 < 0.5 1.25 0.01 0.057 130 < 2.5 2.7

Surface 09/27/11 11:30 1.0 119 < 0.1 214 < 0.5 1.43 < 0.01 0.067 96 4.0 2.6

Bottom 09/27/11 12:00 11.0 243 0.45 < 0.5 1.21 0.04 0.092 170 3.5 4.6

Surface 09/27/11 14:30 1.0 118 < 0.1 481 < 0.5 1.73 < 0.01 0.063 96 3.5 4.6

Bottom 09/27/11 14:45 5.5 144 < 0.1 0.88 1.39 0.01 0.044 120 < 2.5 1.6

Surface 09/27/11 16:15 1.0 127 < 0.1 11.8 < 0.5 1.13 < 0.01 0.021 130 < 2.5 1.1

Bottom 09/27/11 16:30 30.0 189 1.1 < 0.5 3.45 0.21 0.270 170 3.0 2.2

Surface 09/27/11 17:00 1.0 126 < 0.1 11.2 < 0.5 1.58 0.02 0.030 140 < 2.5 0.8

Bottom 09/27/11 17:30 30.0 185 1.4 < 0.5 3.50 0.32 0.320 180 < 2.5 24.0

Surface 09/27/11 18:00 1.0 128 < 0.1 14 < 0.5 0.93 0.01 0.029 130 < 2.5 0.7

Bottom 09/27/11 18:30 30.0 178 1.5 < 0.5 2.80 0.21 0.250 170 < 2.5 2.8
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Dissolved
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Table 3:  Priority Pollutant Scan – Detected Values 

Sampling 

Depth

(m)

09/27/11 11:00 NA < 0.5 2.51 < 0.5 < 0.5 < 0.5 < 0.5

MQ2 Bottom 09/27/11 12:00 11.0 8 2.33 3.18 1.4 3.45 0.5

BQ2 Bottom 09/27/11 17:30 30.0 1.4 1.96 0.513 < 0.5 2.02 < 0.5

Sampling Location
Sampling 

Date

Sampling 

Time

Arsenic Chromium Copper Lead Nickel Selenium
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Other conventional chemical data were fairly unremarkable except for total 

phosphorus (TP), a key nutrient and trophic status indicator in lakes.  TP is fairly low in 

the epilimnion of the lake in Bernardsville Quarry, indicative of a healthy lake.  

However, the TP concentration in the lake in Millington Quarry is about three times 

higher than desirable to maintain healthy aesthetically pleasing conditions.  Similar to 

chlorophyll-a and Secchi depth, the high TP is directly attributable to the algal bloom 

observed at the time of sampling.  The conventional chemistry results reflect a relatively 

high quality lake in Bernardsville Quarry and a much lower quality pond at the bottom of 

Millington Quarry.   

As expected, the priority pollutant scans did not detect any volatiles, semi-

volatiles, pesticides, or PCBs in either lake.  A few of the metals (Total Arsenic, 

Chromium, Copper, Lead, Nickel, and Selenium) were detected in each lake, as expected 

since they are naturally occurring in soils.  Total chromium was also detected in the field 

blank, which may have originated from the sampling apparatus.  With the exception of 

total arsenic, all of the metal concentrations were below the most restrictive criteria for 

all freshwater uses in NJDEP’s Surface Water Quality Standards (N.J.A.C. 7:9B).  The 

arsenic criterion associated with human health is extremely low (0.017 µg/l), based on an 

increased cancer risk associated with drinking two liters per day for 70 years.  This 

criterion is usually violated due to natural conditions, and the concentrations encountered 

in both lakes are consistent with what might be expected due to natural conditions.  

According to NJDEP, 19% of wells in the Piedmont Area (in which both lakes are 

located) exceed the drinking water Maximum Contaminant Level
5
 of 5 µg/l.   Note also 

that the most restrictive arsenic criterion to protect aquatic life is 150 µg/l.  The health 

risk associate with arsenic is from ingestion over long periods of time; there is no risk 

associated with recreational contact with concentrations of arsenic in the range that was 

observed.   

Results of the phytoplankton cell count and composition analyses, which are 

being performed to provide a baseline bioassessment of each lake, were not yet available 

                                                 
5
 The drinking water MCL of 5 µg/l is much higher than the criteria for surface water (0.017 µg/l) because the 

MCLs account for factors other than health risk, such as treatment cost.  
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at the time this Plan was published.  Aquatic plants were insignificant in both lakes, as is 

common for quarry ponds that tend to have steep banks with limited shallow areas and 

often rock substrate.  No aquatic plants were observed in Millington Quarry; however, a 

few terrestrial plants that had been flooded recently were observed.  Two aquatic plant 

species were observed in Bernardsville Quarry.  The most dominant species was 

Potamogeton foliosus, or common name of leafy pondweed. The second and less 

dominant species observed was Potamogeton crispus, or common name of curly-leaf 

pondweed.  All plants of both species were found in small dense patches.  Total observed 

coverage of combined plant species was approximately 1%.   All plants were submerged 

below the water surface level at the time of observation.   

No inlets were observed around the perimeter of the pond at the bottom of 

Millington Quarry.  An area of subsurface discharge was observed visually and by its 

sound; this is expected given the wet time period that preceded the fall sampling event.  

One inlet was observed flowing into in Bernardsville Quarry, which appeared to be 

draining the residential subdivision located on top of the rock face on the east side of the 

lake.  The bathymetric survey performed in Millington Quarry allowed Omni to establish 

the topography of the bottom of the quarry below 142 feet above msl, which was the 

extent of the topography data previously available.  The bathymetric survey results are 

shown in Figure 12.   



Millington Quarry Reclamation 

Lake Management Plan 

October 13, 2011 
 

 

 28 

B. Expected Lake Quality 

The lake in Bernardsville Quarry was sampled to provide a baseline comparison with 

the quality that might be expected in the lake that will form in Millington Quarry after quarry 

reclamation.  The quarries bear many similarities.  As shown in Figure 9, the quarries are 

near one another and within a similar geologic formation.  Both quarries operated for a long 

period of time (since late 19
th

 century) extracting and processing traprock from basalt 

formations; Millington Quarry continues operation to this day, while Bernardsville Quarry 

ceased operations approximately 20 years ago.  The lake that forms in Millington Quarry will 

be similar in depth to the lake in Bernardsville Quarry, but will be about 3 times larger in 

surface area.  The differences between the lake in Bernardsville Quarry and the lake that will 

form in Millington Quarry are also important to consider.  The land use around much of 

Bernardsville Quarry is compacted gravel associated with new car storage lots, a concrete 

manufacturing plant, and an asphalt manufacturing plant.  There is no vegetated buffer, and 

most of the lake borders compacted gravel roads.  These industrial areas drain directly to the 

quarry lake without any stormwater quality infrastructure.  In addition, a 49-home residential 

subdivision on top of the rock wall to the east of the quarry drains to the quarry.  By 

comparison, the lake that forms in Millington Quarry after reclamation will have a significant 

vegetated buffer, advanced stormwater quality management, and almost no drainage from 

developed areas.  The Bernardsville Quarry represents a useful comparison in that it provides 

a “worst-case” scenario in terms of the expected water quality in the lake that will form in 

Millington Quarry. 

Nutrients and sediments are the principal causes of impairments to many lakes and 

ponds, because they can stimulate excessive algae growth and cause lakes to fill in 

prematurely.  For this reason, the assessment will focus on the trophic state of the quarry 

ponds and the degree to which aesthetic and aquatic life uses are supported.  Given the 

typical depth of quarry ponds, aquatic plants would only be expected around the perimeter of 

the pond.  The growth of algal blooms is likely to be more important, in terms of potential 

nuisance conditions, than the growth of aquatic weeds.  
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The degree of eutrophication in each lake was assessed by calculating Carlson’s 

Trophic State Index (TSI) values based on Secchi depth, chlorophyll-a concentration, and 

total phosphorus concentration.  The three surface values for each lake were averaged 

together to calculate one TSI value for each parameter in each lake.  The TSI values are 

shown in Table 4, and the calculations are provided in Appendix F.  It is important to 

consider that this assessment is extremely preliminary as it is based on a single sampling 

event.  Most lakes in New Jersey are either eutrophic or hypereutrophic, according to 

NJDEP’s Lakes Monitoring Network.  Based on this preliminary information, it appears that 

the lake in Bernardsville Quarry is of high quality compared to most lakes in the state of New 

Jersey.  The clarity as measured by Secchi depth in Bernardsville Quarry is especially high, 

an attribute shared by relatively few lakes in the State. 

Table 4:  Trophic State Index Values 

TSI Values 
Quarry Lake 

Secchi Chl-a TP 

Trophic Assessment 
on September 27, 2011 

Millington Quarry 60.0 87.2 64.7 Eutrophy to Hypereutrophy 

Bernardsville Quarry 38.5 55.2 51.5 Mesotrophy to Eutrophy 

 

There is every reason to expect the lake that forms in Millington Quarry to be at least 

as high quality as the lake in Bernardsville Quarry.  At this time, there is no basis to plan for 

any in-lake treatment in Millington Quarry, such as aeration or algae control (Resolution 

#080308 paragraphs #35, 36, 37, 38).  This will of course be revisited as additional data 

become available.   

C. Lake Characterization Plan 

The following Lake Sampling Plan is proposed to characterize existing water quality 

(as per Resolution #080308 paragraph #8) as well as future water quality of the lake that will 

form in Millington Quarry.  As described previously, the characterization of existing lake 

quality will also be performed in the lake in Bernardsville Quarry.  The Quality Assurance 

Sampling Plan is provided in Appendix C. 
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1. Sampling Locations 

• Three mid-lake sampling locations as shown in Figure 10, and as 

described below.  

o MQ1, MQ2, MQ3 in Millington Quarry Lake. 

o BQ1, BQ2, BQ3 in Bernardsville Quarry Lake. 

2.  Sampling Frequency  

• Each characterization survey will consist of three sampling events 

performed one each in spring (March through May), summer (June 

through August), and fall seasons (September through November). 

• The sampling event performed on September 27, 2011 will be followed up 

by events in spring and summer of 2012 to complete the initial baseline 

characterization survey. 

• Another characterization survey will be performed after the reclamation 

construction is completed (at the beginning of the filling period) and every 

three years thereafter until the lake is filled. 

• Ongoing characterization surveys will be performed every five years after 

the lake is formed. 

3. In-Situ Monitoring 

• DO, pH, temperature, and conductivity will be measured as depth profile 

at each sampling location.   

• Secchi depths will be observed at each sampling location. 

• A qualitative survey of aquatic vegetation will be performed (percent 

cover, extent, thickness, and dominant type) 

• Each lake perimeter will be observed with photo-documentation. 

4. Discrete Chemical Sampling 

• Discrete surface samples (S) and bottom samples (B) will be collected at 

each location (e.g. MQ1S, MQ1B, etc.). 
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• Surface means mid-depth in epilimnion or approximately 1m from 

surface. 

• Bottom means mid-depth in hypolimnion, at least 1m from bottom, and 

not more than 100 feet deep (length of cable). 

• All samples will be sent to a certified laboratory and analyzed for 

alkalinity, hardness, total phosphorus, dissolved orthophosporus, total 

Kjehldahl nitrogen, ammonia nitrogen, nitrate nitrogen, total suspended 

solids, and turbidity. 

• All surface (S) samples will also be analyzed at a certified laboratory for 

chlorophyll-a. 

• Bottom sample at station 2 (MQ2B) will also be analyzed for the metals 

detected in the initial scan: arsenic, chromium, copper, lead, nickel, and 

selenium in total recoverable forms. 

• One additional sample integrated throughout photic zone (defined as 2x 

the secchi depth but not deeper than epilimnion) will be collected (MQ2P) 

and analyzed for phytoplankton cell count and composition.  

Phytoplankton data will be presented as cell densities (cells/mL) and 

biomass (ug/L) according to genus, ecologically significant groupings 

within algal divisions (e.g., flagellated greens, filamentous blue-greens), 

algal division (e.g., blue-greens, greens, diatoms), and as a grand total. 
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VI. LAKE MAINTENANCE AND MONITORING PLAN 

Given the relatively high quality lake that is expected to form in Millington Quarry, the 

lake is not expected to require a high degree of maintenance.  The following measures are 

proposed: 

• A characterization survey as described previously (three monitoring events over the 

course of a year) is recommended to be performed every 5 years (Resolution #080308 

paragraph #9).  This is consistent with the sampling frequency utilized by NJDEP for 

its Ambient Lakes Monitoring Network. 

• Quarterly inspections of riparian buffer area should be performed.  Dead plants 

should be replaced as needed. 

• Excessive silt and sediment should be removed from water quality forebays as 

needed. 

• Vegetated areas should be inspected quarterly to ensure 80% coverage is maintained 

after the first year.  Overseeding should be performed as needed. 

• Any future development proposed for the upper meadow should incorporate a Soil 

Erosion and Sediment Control Plan to minimize the movement of sediment into the 

lake. 

 



Millington Quarry Reclamation 

Lake Management Plan 

October 13, 2011 
 

 

 

APPENDIX A 

 

FOREBAY SIZING CALCULATIONS AND RIPRAP SWALE CALCULATIONS 
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APPENDIX B 

 

LANDSCAPE PLANS
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APPENDIX C 

 

QUALITY ASSURANCE SAMPLING PLAN
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APPENDIX D 

 

IN-SITU SAMPLING RESULTS 

 

SEPTEMBER 27, 2011 SAMPLING EVENT 
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APPENDIX E 

 

WATER QUALITY LABORATORY REPORT
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APPENDIX F 

 

TROPHIC STATE INDEX CALCULATIONS 


