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1. INTRODUCTION

On behalf of the Worcester County Department of Public Works (the County), EA Engineering,
Science, and Technology, Inc. (EA) conducted field infiltration testing at the Willard Farm
property, located in Newark, Maryland. The testing was conducted to determine the suitability
and infiltration capacity of the site for potential use as a spray irrigation site for munieipal
wastewater from the Newark wastewater treatment plant (WWTP). Requirements for this type
of spray imrigation system, defined as a “slow rate’” system, are outlined in the Maryland
Department of the Environment (MDE) document entitled Guidelines for Land Treatment of
Municipal Wastewaters, MDE-WMA-001-07/03, Revised 7/2003. Determination of baseline
soil permeability values, in combination with the calculated available acreage, were used to
determine the quantity and flow rate of wastewater that the soils on the Willard Farm can accept.
This information is to be used to design an appropriate spray irrigation system for application of
wastewater on the Willard Farm property.

This hydrogeologic report includes the resulis of the field investigations that were conducted.
The first field testing event was conducted by EA on 15 and 16 July 2008 (Testing Locations S-1
through 8-3).

MDE was then onsite on 29 July 2008 to conduct a separate field investigation of the site soil
characteristics and profiles. Dr. Ching-Tzone Tien represented MDE and evaluated five
locations. Representatives from the County, along with EA, were also onsite to observe MDE's
field investigations. The County provided a backhoe to excavate to sufficient depths to allow for
MDE to evaluate the soil profile and depth of groundwater. Dr. Tien identifted the soil profiles
and depth of groundwater. The depth of groundwater ranged from 7 to 9 feet (ft) below ground

surface (bgs). This hydrogeologic report does not include the results of MDE’s field
investigation,

Per the recommendation of Dr. Tien, EA conducted two additional infiltration tests at a depth of
approximately 18 inches {in.) bgs. This second field testing event was conducted on 1 August
2008 (Testing Locations S-4 and S-3).

The following report includes the results of the EA field investigations, photo logs, soil boring
logs, infiltration data sheets, calculation rates, and graphs.

Hydrogeologic Report Worcester County
Willard Farm Property, Newark, MD August 2008

1-1



2. SITE LOCATION AND DESCRIPTION

The Willard Farm property, identified as a potential site for spray irrigation, is shown on Tax
Map 40 Parcel 72, located to the northwest of Newark Road and east of the Maryland Delaware
Railroad in Newark, Maryland (Figure 1-1). The areal extent of the site is 42 acres. The site is
accessed via an unpaved access road from Newark Road. The property consists of a flat open
farm field with dense forest along the northern, eastern, and southern property boundaries. The
property is currently used by the owner for hay/straw harvesting. The proposed use for the site is
to serve as a spray irrigation disposal site for the treated wastewater from the Newark WWTP.
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3. DESCRIPTION OF LAND-TREATMENT TECHNIQUES

The Newark municipal WWTP is owned and operated by Worcester County Department of
Public Works. The WWTP consists of an acrated treatment lagoon, which is divided into two
cells, The first cell receives the municipal wastewater which then travels under a baffle/division
wall into a second cell. Chlorination occurs in the second celt and the wastewater flows through
a chlorine contact tank. Finally, the wastewater is dechlorinated and is discharged via surface
flow to an unnamed tributary of Marshall Creek. The Newark WWTP achieves secondary
treatment levels and is currently permitted to discharge up to a maximum of 70,000 gallons per
day (gpd).

The WWTP operates under Maryland State Discharge Permit No. MD 0020630 and National
Pollutant Discharge Elimination System (NPDES) Permit No. 05-DP-0141.

Currently, the Newark WWTP discharges approximately 35,000 to 70,000 gpd of treated
wastewater. The County is considering options for spray irrigation on the nearby Willard Farm
property to modify the existing system and to eliminate the surface water discharge, thereby
reducing nutrients discharged to Newport Bay.
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4. GEOLOGY, SOILS, AND HYDPROLOGY

4.1 SOILS

The major soils present on this site are as follows: Mettapex fine sandy loam, 0 to 2 percent
slopes (MpA), approximately 60 percent of the site; Nassawango silt loam, 0 to 2 percent slopes
(NsA), approximately 30 percent of the site; and Nassawango silt loam, 2 to 5 percent slopes
(NsB), approximately 8 percent of the site. The remaining 2 percent of the site is composed of
other soils such as Othello silt Joam (Of), Fallsington sandy loam (Fa), and Metapeake silt loam,
0 to 2 percent slopes (MkB). The list of the soil mapping units is summarized in Table 4-1

below. Figure 4-1 provides a map of the site soils within and surrounding the Willard Farm
property boundary.

TABLE 4-1 LIST OF SOIL MAPPING UNITS

vap Unit Symbol Map Unit Name Acres (approx.)* | Percent of Site
Mpa Mettapex fine sandy loam, 0 to 13.84 45.5
2 percent slopes
NsA MNassawango silt loam, 0 to 84 276
2 percent slopes
NsB Nassawango silt loam, 2 to 5.82 9.1
5 percent slopes
Ot, GaC, MdB, and Othello silt loam, Galestown 0.84 7.8
Ma foamy sand, Metapeake silt
loam, and Manahawkin Muck,
respectively

* Areas are based on the spray field and do not include the area of the 100-ft buffer.

According to the United States Department of Agriculture (USDA), Natural Resources
Conservation Services (NRCS), National Survey Handbook, title 430-V1. (http.//soils.usda.gov/),
Mettapex fine sand loam (MpA) is classified as moderately high to high, with an average
infiltration rate between 0.20 to 1.98 inches per hour (in./hr), and c¢lassified as well drained soils.

Nussawango silt, at both 0 to 2 percent and 2 to 5 percent slopes, are also classified as well
drained soils.

Soil boring logs for Testing Locations S-1 through S-3 were prepared and are presented in
Appendix A. At location S-1, silt with frace fine sand and organics, light olive brown, was
observed from 6 to 16 in. bgs. Silt fine sand with organics and trace clay, yellowish brown dry,

Hydrogeologic Report Woreester County
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loose and homogenous, was present from 16 to 32 in. bgs. From 32 to 51 in bgs silty fine sand,
brownish yellow, dry, clay fine sand and clay and sand were observed.

At location S-2, silt with trace fine sand and organics, light yellowish brown dry, soft,
homogeneous, were observed from 6 to 14 in bgs. Silt with little fine sand and organics, pale
yellow dry, soft, homogeneous, was present from 14 to 32 in. bgs. Silty sand with clay, light
yellowish brown (2.5Y 6/3), dry fine sand was present from 32 to 38 in. Well sorted fine sand

with little silt, pale yellow (2.5Y 7/4), dry, very loose, homogeneous, was observed from 38 to
47 in.

At location S-3, silt with trace fine sand and organics, light olive brown (2.3Y 5/4), dry, soft,
homogeneous, was observed from 6 to 22 in bgs, and clay with little silt, light olive gray (5Y
6/2), dry, medium, homogeneous, was ohserved from 22 to 40 in. bgs. Well sorted fine sand

with little silt, light yellowish brown (2.5Y 6/4), dry, very loose, homogeneous, was observed
from 40 to 47 in bgs.

4.2 HYDROLOGY

Infiltration testing was conducted to determine the field-measured infiltration rate of water into
the soil for spray irrigation. A total of three infiltration tests were completed on the Willard
Farm property on {5 and 16 July 2008. Each test was conducted for approximately 4 hours’
duration. Test S-1 was located in the field to the west of the entrance, test S-2 was located in the
field to the north of the entrance, and test 3-3 was located in the field to the east of the entrance.

Two additional tests were conducted on 1 August 2008 on the Willard Farm property and
identified as S-4 and S-5. Per the recommendation of MDE, tests S-4 and S-5 were conducied at
a depth of approximately 18 in. bgs to befter evaluate the infiliration capacity, absent any of the
upper soil layers. Test S-4 was conducted adjacent to the location of test S-3, and test S-5 was

conducted adjacent to the location of test 8-2. Figure 4-2 illustrates the locations of the
infiltration tests.

The infiltration testing was conducted in accordance with American Society for Testing and
Materials {ASTM) Standard D 3385-03, Standard Test Method for Infiltration Rate of Soils in
Field Using Double-Ring Infiltrometer. Hand augering was also completed to approximately 4 ft
bgs at the test locations {0 observe and log the soil conditions and characteristics in these areas,
as discussed previously.

Hydrogeologic Report Worcester County
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43 DOUBLE RING INFILTROMETER SPECIFICATIONS AND FIELD
METHODOLOGY

The double ring infiltrometer, Turf-Tec Model IN10-W, consisted of two stainless steel rings.
The tnner ring was 20 in. in height and the outer ring was 20 in. in height. The inner ring had an
inside diameter (ID) of 12 in. and the outer ring had an ID of 24 in. The area of the inner ring
was 729 square centimeters (cm?). The annular space (area) between the inner ring and the outer
ring was 2,190 ¢m®. The double ring infiltrometer was hammered into the soil with the inner
ting driven 6.0 in. into the soil and the outer ring driven 6.0 (n. into the soil. Waler was poured
into the rings to 10 in. from bottom to approximately % to the top of each ring. Water was
supplied manually to maintain a constant head within the infiltrometer using a graduated
cylinder. Measurements of the water added were recorded at intervals of 5, 10, 15, and

30 minutes. The data sheets for the field test are presented in Appendix B. Photograph
documentation of the double ring infiltrometer field tests and soils identified in the soil boring
logs were maintained during each testing event and are presented in Appendix C.

4.4 SOIL INFILTRATION RATE EQUATIONS AND CALCULATIONS

The following equations were utilized to determine infiltration rates, as referenced in the ASTM
standards:

For the inner ring;
Vi=? Vi/A T 1)

where:

Vie = inmerring incremental infiltration rate in covhr

?Vie = volume of the liquid used during time interval to maintain constant head in the

inner ring, cm’

Ay = internal area of the inner ring, cm’®

71 = time interval, h
Hydrogeclogic Report Worcester County
Willard Farm Property, Newark, MD August 2008
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For the outer ring;

V=2 VJ/AF? )

where:

=
I

annular space incremental infiltration rate in cm/hr
?V, = volume of the liquid used during time interval to maintain constant head in the
annular space between rings, cm’

A, = internal area of the inner ring, cm’
Tt

time interval,

The calculations for each test site are provided in Appendix D.
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5. SUMMARY OF HYDROGEOLOGIC REPORT

5.1 INFILTRATION RATES

Averape infiltration rates and late time infiltration rates were calculated for each location, as
shown in Appendix D. The results of the calculations are summarized in the infiltration rates
presented in Table 5-1. Graphical illustrations of the infiltration rates over time for each of the
locations are provided in Appendix E. Referenced field methodology in the ASTM standards
and 4 Field Method for Measurement of Infiltration (Johnson 1963) advise that inner ring

infiliration rates data should be used as a measurement of in situ soil conditions.

TABLE 5-1 TNFILTRATION RATES

Average Inner Late Time Average Outer Late Time

Ring Inner Ring Ring Outer Ring

Test Location Infiltration Infiltration Infiltration Infiltration
S-1 4.57 cm/hr 0.79 cr/hr 13.41 cn/hr 2.03 em/hr
1.80 in./hr 0.31 in./br 5.28 in./hr 0.80 in./hr

S-2 1.89 c/hr 0.58 covhr 13.11 cmv/hy 2.08 co/hr
0.74 in./lir 0.23 in/hr 5.16 in./hr 0.82 in./hr

3-5% 0.23 cm/hr 0.15 co/hr 1.46 crvhr 0.30 cm/hr
0.09 in./hr 0.06 in./hr 0.58 in/hr 0.12 in/hr

3-3 2.18 cov/hr 0.25 covhr 2.87 co/hr 0.25 cm/hr
0.86 in./hr 0.10 in./hr 1.13 in./hr 0.10 in/hr

S-4% (.26 ev/hr 0.02 cv/hr 4.76 com/hr 1.60 crvhr
0.10 in./hr 0.01 in/hr 1.87 in./hr 0.63 in./hr

* Test Location 5-5 was conducted adjacent to Test Location S-2, and Test Location $-4 was conducted adjacent to

test location 8-3.

The average infiltration rates for seil beneath the inner ring were 4.05 cro/hr {1.80 in./hr),
1.89 cm/hr (0.74 in./hr), and 2.18 emv/hr (0.86 in./hr) for S-1, 3-2, and S-3, respectively. It
should be noted that $-2 and S-3 contained similar lithology and thus vielded more similar

infiltration rates. The lower inner ring infiltration rate observed at S-2 may have been due to its
proximity to pootly drained soil area at the northwest part of the property. The outer ring was
observed to have a substantially higher infiltration rate, comparable to 8-1 and S-3. Slightly
different lithology with a greater variation in sediment sizes was also observed at this location.

Test Locations S-4 and S-5 were conducted approximately 18 in. bgs and below the upper topsoil
layer. The infiltration tests from S-4 and S-5 resulted in lower infiltration rates. The average

Hydrogeologic Report
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infiltration rates for the soil beneath the inner ring were 0.26 cm/hr {0.10 in./br) for S-4 and
0.23 cm/hr (0.09 in./hr) for 8-5.

5.2 CONFIGURATIONS

The results of the infiltration tests indicate the presence of soils of lesser permeability in the
northern corner of the site (S-4 area). To minimize the spray application in this area, two
scenarios are proposed. First would be to position the center pivot unit in the northwestern
corner of the site und eliminate the application rate for the first quarter of the arm of the central
pivot unit. This would allow the maximum rate to be applied to a majority of the site in which
the soils are predominantly more permeable. Figure 5-1 illustrates the location of the center pivot
unit in the northern corner in this scenario. The second scenario would consist of locating the
center pivot unit in the southern corner of the site. This will result in an arc of the center pivot
unit to “cut-off” the corner of the site which consists of the lesser permeable soils. Figure 5-2
illustrates the location of the center pivot unit in the southern corner in this scenario. Further, the
topography of the site promoles surlace drainage from the north to the south

Both scenarios would utilize a single pivot, spray irrigation system on the Willard Property. A
single pivot with a radius of 400 ft was cstimated as a standard size of spray irrigation. The use
of a 400-ft pivot will maximize the spray area, while still allowing a 100-ft buffer zone. The
County anticipates the use of a 100-ft buffer based on the dense forestry surrcunding the site,
which will minimize odor migration and/ot spray carry-over. The total area within the 100-ft
buftfer is approximately 36 acres. The useable spray area associated with the center pivot unit
located in the northern corner of the Willard Farm would be approximately 24.3 acres. The

location of the center pivot unit in the southern comer of the Willard Farm would result in a
reduced spray area of 16 acres.

The proposed pivot would be installed at a location on the Willard Farm property, based on one

of the two scenarios mentioned above, and would spray irrigate wastewater over a majority of
the pivot radius,

In addition to a spray irrigation system consisting of a center pivot unit, a drip irrigation system
also may be considered and could be designed to allow for the irrigation of treated wastewater
over a larger area within the 100-ft buffer (i.e., >24.3 acres). The conceptual design and layout
of an appropriate spray irrigation system, consisting of a slow release spray irrigation method,
will be included with the permit application.

Hydrogeologic Report Worcester County
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5.3 FLOWRATES

Using the measured infiltration rate for the inner ring at S-4, the most restrictive location, the
application rate for the entire proposed spray irrigation system was evaluated. In this case, the
late time infiltration rate was used (0.02 cm/hr or 0.01 in./hr) as a more conservative measure.
Using the most conservative rate of 0.01 in./hr, and an area of approximately 24.3 acres (Pivot
Location I), and accounting for an application rate of 4 percent of the steady infiltration rate, as
specified in the MDE Guidelines for Land Treatment of Municipal Wastewaters, the calculated
application flow rate would not be sufficient.

Therefore, the average infiltration rate of the more permeable areas of the site, which includes
infiltration rates for locations S-1, S-2, and 8-5, is 0.20 in./hr. Accounting for an application rate
of 4 percent of the steady infiltration rate, as specified in the MDE Guidelines for Land
Treatment of Municipal Wastewaters, this equates to an infiltration rate of approximately

1.34 inches per week (in./wk).

Using the 0.20 in./hr infiltration rate for the inner ring and applying this rate to the approximate
24.3 acres of'available spray irrigation land (Pivot Location I), and accounting for an application
rate of 4 percent of the steady infiltration rate, as specified in the MDE Guidelines for Land
Treatment of Municipal Wastewaters, the calculated application flow rate would be
approximately 127,000 gpd. Using the entire available space of 36 acres would result in an
application flow rate of approximately 188,000 gpd. Given that the wastewater discharges at a
rate of 50,000-60,000 gpd, the data indicate that the Willard Farm property would have sufficient
capacity for this wastewater from the Newark WWTP, with available excess capacity.

54 NITROGEN BALANCE EQUATION

The calculation of the nitrogen balance was completed in accordance with MDE Guidelines for
Land Treatment of Municipal Wastewaters. The objective of the caleulation is to detenmine how
much wastewater can be applied such that the soil leachate realized at the groundwater table will
not exceed the Public Drinking Water Standard. Based on a conservative concentration of

25 milligrams per liter of Total Nitrogen from the treated wastewater from the Newark Plant,
2.27 acre-inches/acre-week is estimated as the wastewater loading. The nitrogen balance
equation with assumptions is included in Appendix F.
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5.5 CONCLUSION

Based on field testing completed and examination of site soils, it appears that the Willard Farm
site could be used for groundwater discharge of the treated wastewater at an application rate of
1.34 in./wk. Utilizing the center pivot location illustrated in Figure 5-1, approximately 127,000
gpd could be discharged over the site while minimizing the application over the northern corner.
To achieve this discharge rate, the site will need to be approved for a 100-ft buffer and will need
to have adequate storage provided.
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APPENDIX A
SOIL BORING LOGS



Area ol Concem:

EA Engineenng. Science,
and Technology, Ine

Testing [ ncation S-1

Clicat

Job. Mo Location:
14550 84| Woreester County Newark, MD
Dmilling Method: Hand Auger Boring No,

Sarmpling Method® DVA

Sheet 1 of 1

Logation Newark Spray lmigation System Dnlling

Reference Desc Water Level |[N/A Start Finish
Timy: ) P
Date Juiy 15,2008 NA NA
Reference

Sample |  Inches Sample | PID | Blow | Dzpth USCS |Surfuce Conditwns - Fesld

Tyvpe Recvrd No. pem { Count] 1 Leg
Inches
0-5" SILT with nrpanics, light olive bmwa {2 57 5/3), dry, very soft,
6 hiomogeneous
MH J6"-16" SILT with trace fine sand and organics, bght olive brown
12 (2 5Y 5/4), dry, sefl, honogencous
18 16"-32" silty fine SAND with organics and trace clay, yellowis brown
[10YR 3/6), dry, lpose, homogeneous
4
30
3-S50 gilty fine SAND, brownsh yeliow (10YR 668, dry.
15 SM  [Jloose, homageneous
12
48
54

Boring terminated at 54" bgs

Logged by

Drihng Contractat:

Patrick Lorem & Danv Brooks

N/A

Datc: July 15, 2008




Drilling Contractor:

N/A

Bate: July 15, 2008
Driller MNYA

lob, No. Chena: Location.
EA Enguneering, Science, 14530.0¢ | Warcester Coungy Newark, MDY
and Technalogy, Inc, Drillne Method: Hand Auger Boring No.
5 -2
Sampling Method: N/A
Area of Concern Testmg Location 5-2 Sheet | of 1
Location. Mewark Spary Imeation System Dridling
Reference Desc: Water Level |N/A Stan Finish
Time
Date July [5.2008 NA NA
Relerence
Sample | Inches Sample | PID | Blow | Depth USCS JSurface Conditions® Field
Type Recvrd No ppm { Count{ in Log
Inches
0-6" SILT with trace fine sand and oreanics, light ofive gray (3Y 6/2)
6 dry, very sofi, homogeneous
6"-14" SILT with trace fine sand and orgenics, hght yellowish brown
12 2.3Y 6/4), dry, soft, homogeneous
14"-32" SILT with little fine sand ond organwes, pole yellow {25YR 7/4)
MH
18 dry, soft, hormogencous
24
30
32"-38" s1lty SAND with clay, light yellowish brosw (2.5Y 63}, dry
M
36 very loose, homogensous
38"-47" well soned fine sand with Iittle sit, pale yellow (2.5 7/4), dry
42 vety loose, homogeneous
5w
47
Boring termnated at 47° bgs
Logued by- Patrick Lorem & Borry Brooks




Clsenie:

Area of Concern;

Job. Na. Location,
EA Engineering, Science, 1455004 | Worgester County Nevark, MD
an¢ Technology, Inc, Drilling Meshod: Hund Auger Boting No.
S-3

Testing Location 5-3

Sumpling Method: WA

Sheer 1 of |

Locaton Newark Spry Imgation Sysiem Drilling
Reference Desc Water Level [MWVA Start Fintsh
Tine .
Date July 15, 2008 NA NA
Relerence
Samplz | Inches Sarple | PH) | Blow | Depth 1ISCS |Surface Conduions: Field
Typc Reevrd No. ppm | Countf m Log
Inchas
0-6" SILT with trace fine sand and organics, olive {5Y 5/3), dry, sofi,
6 homogencous
6"-22" SILT with trace fine sand and orpanics, iight nkive brown
MI.
12 (2.5Y 5/4), drv, soft, homogeneous
18
22"-40" CLAY with little sdlt, ight olive pray (5Y 6/2), dry, medinm,
24 homogeneous
CL
30
36
40"-47" well sored fine SAND with hitle silt, hght yellowish brown
42 (2.3 &/4), dry, very lose, homogeneous
SW
47

Boring terminated at 47" bgs

Logged by:

Crilling Contracter.

Patnck Eorem & Bary Brooks

N/A

Date: 16 July 2008
Driller: N/A




APPENDIX B
INFILTRATION TESTING DATA SHEETS



APPENDIX B.1
INFILTRATION TESTING DATA SHEETS
(TESTING LOCATIONS S-1 THROUGH §-3

JULY 15 & 16 2008)



Lk
Proiect ldenification: Newmrk Spray [mipation Constants | Arsa(en’) | of liqm[":ih(m) Volume/della
Test Locmion: Willowd Fam -S- 1 Innee Ring. 980.3 10 113.14
Liquid Used: Regular Tan Water Annular Spac 14328 13 45225
Tested by: Greg Gremicko, Dzl Kolar, Pairick Leren, Barry Brooks
Dench to water table: |grea!e: them 4-01 below grade Penclration | Imer(in) | Outer(in)
Ground Temperature: 34 degmees F of Rings: 6 [
fvial# Date |Time |Elapsed Time Flow Readings iLiguld Tem|___ Infifitration Rate Remarks
chanpz ia time/ Inner Ring Annular Space Inner Ring [Anoular Space
hr:enm | time elapsed {miny) Resding (in)| Flow(in3) | Rending (i)l Flow(is3} | (Fahrenhei)]  (inh} {in/h}
t|_7/15/08] 1030 0 10.00 10.00 Nene
1033 3 975 2828 963 169.59 78 035 1.42
2 1038 5| 1000 1000 |
1040 e 075 2828|975 11306 715 035 095 '
3 1040 3 1500 10 3
1045 |H] 9.5 2828 975 11306 I7 035 0gs
LA 1045 5 .00 10.60 o
1050 pli} 9,13 2828 9.15 113 06 17 0.35 0.95
_ 5 [se 5 1000 10.00 I o
1055 25 9.75 2828 $.15 11306 76 0335 093
_6 . _fess 5 1000 10.00 .
1100 30 981 2121 251 5480 765 026 07
; 1100 i 10 00 £0.00 -
110 40 0.63 42.42 9.56 198.69 76 0.26 0.83
I I 1 i 1006 10,00 e
1120 S0 075 2828 975 113.06 76 0.17 047
9 1120 i0 10.00 10.00 L
1130 0 950l sese|  vsol o613 6 035 095
L 1130 15 10.60 1000 i
11435 % 956 46.17 9.44 25439 165 0.20 .71
nlo L4s 13 1000 10.00
1200/ 90 9.50 56.56 9.56 108.99) 15.6 0.23 0.56
12 1200 15 10 00 10.00
i218 105 963 4242 063 169 590 il Q.17 047
1] . 1 15 §0.00 1000 )
1230 120 5.56 49,77 9.50 226.15 75.6) 0.20 0.63
14 Lz 30 10.00 10.00
1300 150 931 18 05 931 312 03 4 216 044
15 1300 0 1,00 1040
1330 180 937 136 044 134 30 18 013 036
16 1330 30 1000 1060
1400 210 9371 7126 9371 28492 75.5 613 .40
17 1460 30 10 00 10.00
1430 240 937 1126 9317 28492 75 015 040
;-_\v‘cra_gg. ln;p-c:ﬁ:frg;ﬁ;w. Rate . I_I’;.ip?:f-m:q. T 0@3}5@( — )
Averape Quter Ring Flow Rate 54 in3/min 0233 gal/min




e
Projec Idenification: Newark Spray Irriggtion Constants | Areafen) | of liqm?;h(in) Volume/delta
Test Location. Willard Farm - §- 2 Inner Ring;: 980.3 10 1301
Liquid Used: Regular Tap Water Annilar Spae 14323 10 43125
Tested by: Greg Gromicko, Dael Kotar, Patrick Lorem, Barry Brooks
Depthto water (able; preater 1han 4-ft below grade | Penetration | Inner(in} | Outer{in}
Ground Temperature: 84 deprees F of Rings: b &
Frisl # Date |Time |Elapsed Time Flow Readings Liquid Temy __ Infilitration Rate Remarks
changs intime/ [nper Ring Anpular Space Iener Ring [Annular Space
hr.mm | time elapsed (min) | Reading {in)] Flow{in3) | Reading (in)} Flow (in3) | (Falvenheit)|  {inh) {in'h)
L7508 1510 0 10,00 16.00 Nong
1515 3 10.00 0.00 9.75 113.06 78 0.00 095
2 1515 5 1000 1000 o
1520 10 10.00 0.00 9.75] 1306 T1.5 0.08 0.95
3 1520/ 5 10,00 10.00 _
1525 IS 935 28.28 9501  226.13 71 0.33 1 .8%
N T sl 1040 12.00 o
133 20 9.94 .07 9.75 113.06 71 0.09 095
S 5% 10 1040 1000 L
1340 ki 9.15 2828 9.50]  226.13 74 0.17 0.95
_6 1540 15[ 1600 190 L
1335 45 9.5 2828 9500 2263 76.5 8.12 0.63
T s 151040 10.00 o
1610 60 944 63.62 9.25] 33949 70 026 0.95
i 1610 301000 1000 i )
1640 90 §.50 56.56 9251 33949 76 912 0.47
9 1640 0 1000 10.00
1710 120 9.50 56.56 9.25|  339.19 76 0.42 047
15 i 1710 30 10.00 10.00
1740 150 9.50 56.56 9.37 28492 T6.5 0.2 040
" 1740 0] 1000 10.00
1210 180 4.50 56.96 337 28452 756 0.2 0.40
[ [0 30 1000 1000
1840 Pl 9.63 4242 044 25439 T4 0.09 .36
Average lner Ring Flow Rate Tindimin ©003) glimin_
Average Outer Ring Flow Rate 48 indfmin 0.206 gallmin




Uepth
Project ldenification; Newark Spray Irieation Constants Area(cmz) of liquii):l(in) Volume/delta
Test Location: Willard Farm - § -3 Iner Ring: 9503 19 113,11
Ligud Used: Resular Tap Water Amular Spacel 14328 Wl 45025
Tested i)y:E Greg Gromicko, Darl Keler, Palrick Lorem, Barry Brooks
Depih to water tzble: igreater 1han 4-ft below grade Pemgtration | fmer(in) | Outer (i)
Ground Temperziure: B4 deprees F! of Rings: 6 b
Trial{ Date |Time IFlspsed Time Flow Readings Liguid Temp!  Infilitration Rate Remarks
changs intime/ Inner Ring Annular Spaee Inger Ring | Aunular Space
hesmm [tise ¢lapsed {min}| Reading (in)| Flow(ind) | Reading {ind| Fow(in3) | (Fehvenheit) | (inh) {in/h)
|| miens] 730 s| 1o 1020 Mee
735 5 9.75] X828 075 11306 8 0.33 0.95
2 735 3 10.06 1090
40 10 975 AN 9881 3653 778 0.33 047
i 0 10 10.00 0.0 e
730 P 931 N2 9041 BN i1 0.13 (.12
4 750 10 10.00 1000
300 kil 9.81 212 10.00 0.00 7 (.13 0.00
3| 800 15 10.00 10.00
813 45 905 W 93 By i 0.12 0.08
6 | 85 15 1900 19.09 -
830 60 9.75 2828 10064 100 765 0.12 {100
7 830 30 1040 1000 o
200 50 9.63 242 038 56.53 i 0.09 0.08
s | a0 B 000 10.00 L
930 120 9588 14.14 1000 080 i 0.03 0.00
¢ 1 %0 30 1000 1080
1000 150 981 212 1000 000 76 .04 0.00
10 | _1o0g 30 1080 1000
1030 180 975] 288 994 17 7.5 806 [LRLE
i 11030 3 1000 1000 i
1180 10 988 14.14 10.80 0.00 736 ¢03 (.0
average Inner Ring FlowRate 5 imin 0020 plimin _ o
Aversge Outer Ring Flow Rate 5 in3/min 0.022 gallmin




APPENDIX B.2
INFILTRATION TESTING DATA SHEETS
(TESTING LOCATIONS S-4 AND §-5
AUGUST 1 2008)



Depih
Project [denification: Newark Spray Irrigation Constants Arsa{cmi) ofliquliJ:i(in) Volume/delta
Test Loation; Willard Farm- §-4 Innier Ring; 980.3 10 11311
Liguid Used: Regular Tap Water | Annular Spaet 14323 10 45225
Tested by: Patrick Lorem & Barry Brooks
Depth fo water table: lgzcater {han 4-ft below prade Peneteation | loner (in) | Quter {in)
Ground Temperahge: 82 degreesF of Rings: 6 6|
Trial # Date |Time |Elapsed Time Flow Readings Liquid Temr  Infilitration Rate Remarks
chenge intime/ Inner Ring Annular Space Inger Ring | Annular Space
hezmm| Gime elapsed {min) | Reading (in)| Flow (in3) | Reading {in)| Flow (in3) | (Fahrenheit}|  fin'h) (in'h)
1] 8/1/08] 945 0 10.00 16.00 Nong l
930 5 994 7407 581 §4.30 73 0.09 0.71
2 el 10 1080 1000
1000 15 10.00 0.00 060 14133 715 0.00 118
3 1000 i 1000 10.00
1010 25 |6.00 0.00 084 24.30 77 0.00 036
4 | 1040 10 10.04 10.00 o
1020 B 5.94 107 9.8 84.80 77 0.04 .30
5 1020 i3] 1000 10,00 o
1035 50 0,94 207 94691 14133 16 0.03 0.39
_ & 1135 13 1000 10.00
1030 65 10.00 0.00 9.75 11346 70.5 0.00 9.32
7 1030 13 10.00 1000
1H5 80 9.94 707 969 14133 76 0.05 (.39
B s B[ 10 10.00 o
1135 110 10.00 0.00 950 22613 76 0.00 0.32
of L3 3| 1000 16.00 o
i205 140 9.94 107 950 22603 h 0.01 0.32
Cie s 31040 10.00 e
1235 170 1600 0.60 950 %13 765 0.00 0.12
| 1z 31000 1060 _
105 200 10.00 0.00 9.50] 22613 754 0.00 0.32
12 105 3 1000 10.00 .
135 130 10.00 0.00 950 23613 6 .00 (.32

A—\'erage Inper Ring Flow Rate

Average Quter Ring Flow Rate

| in3/min

0003 glimin

31 ind/min 0.£39}pal/min




L
Project ldenification: Newark Spray Imigation Constants Ama{cm’) of liqm?(in) Volume/delta
Test Location; Willard Farm - 8- § Inner Ring; 9803 ] 113.11
Lignid Used: Reglar Tap Water Annular Spac 143238 i 452,25
Testedy: Patrick Lorem & Barry Brooks
Depth to water table: areater than4-ft belowrade Peneteation | Iwer(in} | Outer(in)
Ground Temperature: 82 demees F of Rings: 6 [
Trisl £ Dste [Time Elapsed Time Flow Readings Liguid Temy Infilitration Rate Remarks
change intime/ Inzer Ring Amnular Space Inper Ring | Annntar Space
hr:mmy time clapsed {min) | Reading (in) } Flow (in3} | Readine (i)} Flow (in3) | (Fabrentieit}] (in/h) (inh)
I 81408 230 0 1000 10.00 None
35 5 1000 0.00 (00 0.00 18 000 0.00
2 235 i 1080 1000 !
45 13 .88 14.14 994 23.2] 715 (.00 0.12
3 45 19 1000 10.00
255 25 10.00 0.00 081 84.80 77 4.00 0.36
4 s 15 1000 1000 o
310 L 988 14.14 9.8 $4.80 n 0.6 (.24
5 30 15 10.00 10.00
325 35 10.00 0.00 981 B4.80 i 609 .24
b 325 3 10,00 10.00
355 8 988 i4.14 2.8 £4.80 765 .03 .12
I 300 1040 19.00 L
425 115 1000 0.0 10,00 00 6 (.06 0.00
o8 | 4 3001000 19.00 ) _
455 145 10.60 0.00 994 28.27 76 4,00 004
9 455 30 10,00 1040
525 175 9,75 2828 0,88 56.53 76 085 0.08
10 525 3 1000 10.00 o
355 205 10.00 .00 1600 (.00 763 (.00 9.00
b sss 300 1040 10.00
623 133 9.75 2828 0.53 36.53 756 0.06 0.08
12 §25 3] 10 weof L L L
635 263 088 2828 033 5653 76 .06 0.08
Average lone Ring o Rate im0 o
Averace Outer Ring Flow Rate 9 ind/min {.041; oalfmin




APPENDIX C
PHOTOGRAPH LOG



APPENDIX C.1
PHOTOGRAPH LOG
(TESTING LOCATIONS §-1 THROUGH S-3
JULY 15 & 16 2008)
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APPENDIX C.2
PHOTOGRAPH LOG
(TESTING LOCATIONS S-4 AND S-5
AUGUST 1 2008)
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APPENDIX D
INFILTRATION RATE CALCULATIONS




APPENDIX D.1
INFILTRATION RATE CALCUALTIONS
(TESTING LOCATIONS 8-1 THROUGH 8-3

JULY 15 & 16 2008)



TESTINCE OO AT INFIETRATION RATE CALCULATIINS

-1 INNER RING
L Y T R T e T T
N ; o s o T e SRR R O iR
r2n SR 3 2 00833 035 D.00D48 D.000096G
o828 S8 E 5 (3 8833 iy €305 L AHINHOE
g LRG3 = [AR ] 1385 D EHIGH 000056
28 28 LRG3 & i3 EI3R 10502 USSR 03,0006
248 ErEY, 5 GOR33 153 (LR ]§ €. 00606
2F2 SH03 5 R 1100 O 0043 GO00872
~4 22 SR 3 113 D167 1§10 G.41043 0. 000072
28R A ] 18 . 1667 $130 .0029 G.(1000448
Sy S (23249 s 103 {3 1667 §134 (3 OHOSE Q00066
GELT Q03 13 (P IS00 145 G20 G033 O.0DU0SS
L8y 56 CHEL T 14 i3 TSRO0 1265 3,223 O33R O G0G0OLS
RO w353, 3 15 £3 RO 1215= .17 €3 05Y 6 £ 00002
43 77 GHOLR 1A F 250 0,4 00039 O OCHES
TE 05 aEhes 3 34 Lr SO0 32003 [ E) 4, G027 O OO0044
T1.26 WSLEY, 3 34 0. 2000 1336 0.135 0.0024 0. Q03040
T1.260 3 36 1a3i3} .15 O.0024 13 3001040
TG AL, R E18) 1430 (.13 2.002-4 O.000035
A e POTH e Wy b5 cemte
Lasaier FErere .54 oy 076 ol POV el = | G tinae )
ii Atat 2 hry
IR AT M IMATE £ ALSLILATTIONS
AN AT SPACE IRING
fdelearyy,, iy e (6 | time (1) Timye Wiy Yie Yie
iy’ i 1NN hiurran iyt ircivin i e
| 953 R0 1432 ¥ 5 1035 i 007237 D HHIROS
112,00 11308 5 PE)-4e3 495 .0F a8 O OH126 3
11300 1133 R 5 TikEs {1.53% .01 58 OO0 653
113.00 1422 & & R4 (1.2 11,0158 OO
113436 132 8 & 055 ()RR {1158 3.000263
b 1 Nl 5 ALY 0.7% ZRIENE LLOONTOT
TR 0 fA432 8 1ty i3 jHnT IR .83 Q.1 39 .0002T
ERENATH 14528 113 . 1667 P20 1,37 €37 LRI
22615 E K 14 i G6T i130 1,95 G001 58 O,000265
254 .30 13328 15 {3 2500 F145 .71 ¥1.0114 00 iGT
Y SH G 14324 i5 £ 2RG0 FOOH 1.5t €L, D053 000154
1629, 50 1452 4 [ P21 0.7 LTS QARINE 3
22613 328 t5 $F 2S00 1230 1.6y [SRES L85 DGO TS
312,05 FA%E.8 S €3, 3RO 1300 0. QGH7E 00060121
254.39 13228 30 3,300 1330 .36 0,005 0.00009%
ZEd,92 14228 30 0.5000 1400 £3.40) OLOGGS G.0G0 140
254,922 4328 31 0.5000 14542 £2.<H0 G.O006G6G QOG0 E0
A pr e .27 inhr or 13 3% omvle
Late Time A i or 331 covhr {(¥eliow = Late time)

W

N
telelta iy =
A =
Lol st =

i Lot 2 b

fncrenwrmat miitration rate
Vohame of liopaicd e during e interval o rmsriatsin constarg head
Enternnl area offthe ey ring of the onnular spooe

P interead




TESTING LOCATION

INFILTRATION RATE CALCULATIONS

g2 N ER RING
(heltayvi ] AL e e U v :
R e RS U hhemy e e
0.00] sro.a 0.0833 1515 0.00 0.0000 | 0.600600
B SR = 0 OGRA3 1520 .00 00000 | O.000000
28.28] ono 3 00833 1525 .38 0.0058 | 0.0000%8
.07 980.3 3 00833 1530 0.09 00014 | 0.000024
28381 0803 0 01667 1540 & i 06,0029 | 0.600048
28 28] Gan.3 ts 02500 1555 o 12 G009 | 0.000032
63.62] 9803 18 0.2500 1610 076 0,0043% | 0.000072
S6.56]  OROS 30 ©.5000 1640 0.12 0.0019 | 0000032
56,36 or0.3 30 0. 3000 1710 013 00010 | 0.000032
56.56]  9en.3 30 0.5000 1740 0.12 00019 | 0.000032
5656|9803 30 0.5000 TR E 000190 | 0000032
42.47] 9803 30 02000 1940 009 | Ooni4 | 0.000024
Avernge 73 it o 86 emte
iate Vi {1.22 inhr o G.538 emvwr (Yellow = Late time)

INFILTRATION RATE CaLCUL
ANMULAR SPAQCE RING

Last 2 hrs

ATIONS

(e Ha)V,, Ay time (6) | time (£) | Time Vir Vi Vip
' i SN b bHharm vhe in/min vsec
112.06] 14328 5 R 1035 | 0.95 06158 | 0000263
113 .01 1332.8 3 G O0833 10440 .95 O.0158 0.000263
22613 1432 8 A O 0837 {045 R3] G036 D.000826
1306 14328 3 .0833 1050 3495 Q01352 0000263
220453 4328 G 0. 1067 1035 1 25 {1.001 38 0.000263
226,13 14328 13 0, 2500 HEN I 463 2.(3105 Q00175
33949 143728 15 0.2500 BRI 0,95 O 38 Q.B00263
AAG G 14308 A0 O.5008 P12 L 0.0G79 0000132
339,19 14328 3 0.5000 1130 .47 00072 0.000132
284,92 14328 i) 0.5000 1545 Q.40 000606 0.0001140
284,92 1432.8 30 0.5000 124363 (.40 0.0066 0.000110
254.39 14328 30 05000 1215 0.36 {0059 0.000099

Average 516 whe oF 13,049 cnvhr
Late Fime 081 wnvhr ar 2.06 cmd Ty ellow = Lale ﬁm{:)

wlhiere:

Woms
(dela)v =
A e
{delat =

Incremental infileation rate
Volume of liguid used durmg time fiverval to maintain constant head
Internal area of the awr ring of the annular space
Time interval

last 2 hirs




TESTING LOCATION

INFILTRATION RATE CALCULATIONS

(delta} =

Time interval

5-3 INMER RiMG
{deltaiVie d . A, . ] time ) | time i ] Time. | V. LW N
e C iR bBr o0 d Uil ] e S P inises
28.28] 9803 3 3. CB33 735 0.35 G008 | 0000088
Z8.28] ©B03 5 G.0833 740 0.35 D055 | 0.0000G8
21.21 2803 140 01667 750 013 G.0022 1 0000836
2121 8803 10 01687 860 043 00022 | 0.000038
28.28] ©80.3 18 0.2800 818 042 00018 | 0 D00032
28280 @803 1 0. 2800 830 312 00018 | 0.000022
4242 98803 30 0 5000 a00 G 09 0.0014 | 0.000024
] o4 9803 30 0. 5000 azn 0.03 00005 | 0.000008
2121 8803 30 0 5000 1000 .04 0.0007 | 0.000012
28.28] 9803 30 0.5000 1030 .06 00010 | 0.00001S
14.14] 9603 30 {.5000 1100 G.03 0.0005 | G.o00Cos
Average C 8% my/hr ar 215 orafh
Late Time G058 ar .20 cmihe { Yellow = Late 1ime)
Last 2 hrs
INPHLTRATION RATE CALCULATIONS
ANNULAR SPACE RING
{deitalv,, Pz fime (1) time {t} Time Ve Wi Vi
' in® TN hr Bbmm infhr n/min infsec
113.06] 1432 6 5 0.0833 735 085 2.0158 0000252
56531 14328 3 0 QB33 7a0 047 00079 0.000132
25271 14328 10 {16587 FED g1z 0 0020 0 000033
Q00] 14328 10 0 1687 800 9.00 0 000G | 0.000000
28271 14328 15 0 2500 €15 008 00013 O 000022
G00; 14328 15 3 2500 &30 Q00 0.0000 | 0.000000
56,53 1432.8 30 0.56000 00 O a8 QD013 0.000022
000 14328 30 2.5000 =30 .00 9.0000¢ | 0.000000
0O.O0F 1432 8 30 Q5000 1000 000 0.0000 0.000000
28271 1432.8 30 0.5000 1030 .04 0.0007 0.000011
0.00F 14328 30 0.5000 1100 4.00 0.000C | 0.000000
Average 1 1% inhr or 2.87 cmfhr
Late Timo 0 0Z infly o 0.05 em/he {Yellow — Late time)
Last 2 hrs
where:
Vo= incremerntal imfiliration rate
(delta)V = Volume of liquid used during time intenal 1o maintain constant head
A Internal area of the mher ring of the annular space




——
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APPENDIX D.2
INFILTRATION RATE CALCULATIONS
(TESTING LOCATIONS S-4 AND 5-5
AUGUST 1 2008)




TESTING LOCATHN

INFILPRATION RATE CALCULATIONS

S-d INMNER RING
(delayy, ] A, thire () tieme e O] i e A
.07 9803 3 0.0833 1035 .09 .00 14 Q.000024
OG0 Y503 10 GUE6HT 10463 (F 38y €O 0. 00000}
.00 QEDG 1) G007 1045 (100 O OO00 00000060
T Q8O X 10 {657 1050 0 £t .0007 G.O00012
77 BEOL A HE (. 2560 1055 (.03 O G005 0.000004
.00 GROLE [ 02506 11Q0 DAY 3. 0000 0000000
707 G803 I3 0. 2801} 1310 .03 0.0045 0.000008
0.00 DRI 39 05000 PR30 9.00 0.6 (3. 000000
F0 GE0.3 34 0.5000 [ A R 3 D.G002 G.000004
0,003 GRS A0 . 50043 148 .00 70000 0000000
.00 GE0. 3 LY . 5000 £200 .00 §3.0000 (.ODG000
O £33 9HO3 30 050 [ .00 0000 PR G

Avoage
ste Yime

G m ity

i mhre

ar

(e lg

.26 cmvher
GO enmyiy

Yellow -

Late tie)

Last 2 hes

ERCE A T

FNDER RN

HEATION RATE CALIULATEONS

fdaita)y,, A time {13 | thme (9 Tirne LS. s Wip
o e min i Ihrrn indr rvmin mnfsee
818 13D s 3 G.0833 e LENFR GOl 30001497
141.33% 13328 1] 16067 0340 .54 O 03 O O00 164
8.8 14328 10 O LaH7 HIER 03340 (.08 G.000000
34.8 (25328 14 U, 567 FORG 4,346 0 AT i3 OHIEG
141 .33 14528 15 1,2 5040 P55 F 3% 0.Q0066 GO00110
HE ST 14328 i3 {.2 5043 FLOD .32 0083 O OGOORE
141,33 E-&B‘.:Z.ti 13 8. 2500 IARL .39 G.O0GG G.O0GHI0
20613 HERPS 30 0.2000 L1120 0.32 30053 0000088
22600 % 14328 30 U EO00 1130 .32 0.00583 0 .OO0GEER
226,13 PR A0 4.5001) 1145 .32 G153 0 Q0038
226,13 1328 30 £ 5000 1200 G.32 G.0033 G.O000088
236,13 [432.8 50 G. 5000 1215 G372 00053 a.O000CGRE
Average 1.87 whr 3% 476 crwvhr
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APPENDIX E.1
INFILTRATION RATES GRAPHS
(TESTING LOCATIONS S-1 THROUGH $-3
JULY 15 & 16 2008)
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APPENDIX E.2
INFILTRATION RATE OVER TIME
(TESTING LOCATIONS S-4 AND S-5
AUGUST 1 2048)
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NITROGEN BALANCE / INTAKE



NITROGEN BALANCE

Assumptions:
Worcester Wastewater Treatment Plant Contains 25 mg/L

Average annual Precipitation for Newark 46.2 inches

Average annual evapotranspiration for Newark 29.8 inches

Objective: To determine how much wastewater, can be applied such that the soil [eachate
realized at the groundwater table will not exceed Public Driniking Water Standard

Assuming that reed canary grass will be planted, 275 |bs per acre per year of nitrogen will be taken
up by cover crop {reed canary grass)

Natural precipitation contains an average of 0.5 mg/L of nitrate-nitrogen

Losses of nitrogen via denitrification and ammonia volatitization are assumed to be zero

Wastewater loading (acre-inch/acre-year)
W=443C+a(P-ET)-cP
y-a-y{d-n)

where:

W = wastewater loading (acre-inch/acre-year)

C=removal of nitrogen in crop {lbs/acre-year)

a = allowable nitrogen concentration in percolation or runoff water {mg/L}

P = precipitation (acre-inch/zcre-year)

ET = potential evapotranspiration {assumes that P + W will allow potential €T to be realized in all cases)
(acre-inch/acre-year)

¢=concentration of nitrogen in precipitation (mg/L)

y =concentration of nitrogen in wastewater {mg/L]

d =fraction of nitrogen which is denitrified (% x 107

n =fraction of nitrogen which is volatilized as ammonia {% x 107

Ep acre-inches/acre-year

40weeks), the average weekly wastewater loading rate would be:

87 B3 acre- mches acre-year

40weeks/_yr _

2 27:acre-inches/acre-week E(Nltrogen Weekw Ioadlng rate)

[E

As;stlming the anlﬁ-ua:l irr'iga—tion 'séés_von- éx{en'ds froﬁl N”Iarﬁh‘ﬂ‘\rbug'h November {é perio& ofa p‘ﬁroxfﬁ;é-tew"
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COMPLIANCE WORK PLAN
Newark Sanitary Service Area
Transition to Spray {rrigation

Prepared For

Worcester County Department of Public Works
Water and Wastewater Division

Purpose

. The purpose of this work plan is to conduct a detailed soil-hydrogeologic
investigation that would provide field data necessary to confirm technical
feasibility for wastewater effluent disposal at the proposed Willards Spray
Irrigation Site, north of the Newark Service Area in Worcester County. In 2008,
MDE and Worcester County investigated the site had a preliminary evaluation
completed resulting in a preliminary estimate that the site could accept 56.300
gallons per day of treatment effluent and provided preliminary effluent standards.

A copy of that letter and the report completed at that time is included with this
plan as Attachment 1.

. This evaluation will determine total site capacity in accordance with current
regulations, policies and guidelines of the Maryland Department of the
Environment (MDE) and the Worcester County Department of Public Works
(WCDPW). The detailed investigation will include a detailed soil-hydrogeologic
report that will provide the necessary data that will be used by the WCDPW to
support a State MDE groundwater discharge permit application. The information
will also as a basis for the preliminary and final design of the spray irrigation site
and final disposal facilities.

Location
. See Exhibit 1 for proposed spray site location.

Background Data, Field Work and Data Analysis

. Collect and review background soil and hydrogeologic data including site data
collected by the WCDPW and EA Engineering Science and Technology in 2008.
. Obtain well construction permits for six 1-inch diameter piezometers and six 4-
inch diameter monitoring wells. Exhibit 2 provides a preliminary location of these
wells and piezometers. Each of these will be installed to a depth of 25 feet
unless field conditions dictate otherwise.

. Conduct site visit to stake-out locations for piezometers, monitoring wells and
test locations. Obtain utility mark out as needed and final adjustments will be
made as needed to accommodate field conditions.

. Coordinate with the WCDPW and MDE to schedule the field work.

Page 1




8.

9.

. Drill and install piezometers and monitoring wells needed to monitor water levels

and to conduct hydraulic conductivity testing.

. Drill and prepare two to four test holes for constant head permeability tests, if

determined to be necessary.

Sample and examine the soil from the selected test locations within the proposed
site from additional backhoe test pits as needed.

Conduct additional double-ring infiltration tests as determined necessary based
on results of the field testing.

Submit soil samples to lab for permeability testing.

10. Collect groundwater samples for hydrogeologic report. Submit groundwater

samples to lab for analysis of pH, chlorides, fotal dissolved solids, phosphorus,
nitrogen and fecal coliform.

11.Start groundwater background sampling in monitoring wells in accordance with

MDE approved monitoring plan in December 2015.

12.Conduct constant head permeability tests and/or slug tests o estimate the

hydraulic conductivity of the soils within the proposed site.

13.Measure water levels during a minimum of four site visits during the wet season

February-April 2016.

Soil-Hydrogeologic Report

. Prepare a detailed soil-hydrogeoclogic report for submittal to Worcester County

and MDE. Meet with the WCDPW to review the report conclusions prior fo
submittal.

. Obtain a base map and elevations from the project surveyor for all monitoring

points at the site to aid in the preparation of groundwater flow maps and final
report figures.

Perform an MDE computer records search inventory of wells within a one-quarter
mile radius of the proposed land application spray site. Perform a file records
search inventory of wells within a one-quarter mile radius of the proposed land
appiication spray site.

Analyze the data collected fo determine technical feasibility and site capacity
based on Worcester County and MDE regulatory criteria. The task will include a
hydrologic balance and nitrogen balance as outlined in MDE guidelines.

. Meet with WCDPW and MDE to submit the report and discuss the results in May

2016.

Prepare MDE groundwater discharge permit application for submittal to
Worcester County and MDE in of June 2016.

Groundwater Background Monitoring

. Complete groundwater background monitoring period (12 months) in November

2016.
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EXHIBIT 1

LOCATION MAP
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This map provided courtesy of Worcester County, Md. The information depicted on this map is not official and is not to be
used for excavation, construction of regulatory purposes. The information provided may not reflect current conditions and
shouid be verified before making important or crifical decisions.

The user of this map agrees to hold harmless Worcester County, #Md. and Spatial Systems Associstes, Inc, for any errors
or omissions contained within the mapping system.




EXHIBIT 2

SPRAY SITE MONITORING SYSTEM
WILLARDS SITE
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WORCESTER COUNTY DEPARTMENT OF PUBLIC WORKS
DIVISION OF WATER AND WASTEWATER SERVICES
PRELIMINARY ENGINEERNG REPORT
NEWARK SPRAY WASTEWATER DISPOSAL

1. INTRODUCTION

To meet the needs for sewage treatment and disposal in the Newark Sanitary Service Area in
Worcester County, the Newark Wastewater Treatment Plant was constructed in 1970. The plant
15 a conventional three-cell aerated lagoon that achieves secondary treatment of wastewater
generated in the service area. Following treatment, the facility discharges to an unnamed
tributary of Marshall Creek and ultimately to Newport Bay.

Newport Bay has seen a continual degradation of water quality in the past 40 years and as a
result, the Maryland Department of the Environment (MDE) has continually issued stricter
effluent standards in the watershed to the point where the Newark Wastewater Treatment Plant
can no longer comply with the discharge permits issued for this facility.

Recognizing that the discharge from the Newark Treatment Plant would eventually need to be
eliminated, the Worcester County Commissioners on behalf of the service area purchased a 42-
acre property that came on the market as a result of the real estate downturn. The intent of the
property purchase was that it would eventually be used by the service area for spray irrigation of
the plant effluent. Preliminary testing on the site completed at the time of the purchase showed
that the site would be adequate for disposal of over 50,000 gallons per day which would be
adequate for this treatment plant.

In 2013, the Worcester County Commissioners entered into a Consent Order with MDE whereby
they agreed to resolve the violations of their discharge permit. Because discharging by spray
irrigation significantly relaxes the strict effluent limits, the County agreed to remove the surface
water discharge and convert the final effluent disposal in Newark to Spray Irrigation on the
purchased site.

This Preliminary Engineering Report (PER) was prepared to describe options evaluated and the
final selection for effluent compliance in the Newark Sanitary Service Area.

2. PROJECT PLANNING AREA

The Newark Sanitary Service Area includes the small unincorporated residential community
along State Route 113 about halfway between the Towns of Berlin and Snow Hill. In addition to
the residential customers, the Newark Service area serves the Worcester County Developmental
Center and a number of small commercial establishments. In 2008, the Worcester County

Technical High School was also connected to the Newark Wastewater Treatment Plant for sewer
service.

a Location. The project planning area is shown on Exhibit 1.



Environmental Resources Present. The Newark Sanitary Service Area is in a rural part of
Worcester County where most activity centers on farming. Environmental resources in
the area will be mostly centered on the farming community.

Growth Areas and Population Trends. The Newark Service Area has very limited
potential for growth. The most recent residential development was constructed in 2006
and 1s still only approximately half filled with houses. There is little expected growth in
the service area.

Community Engagement. Worcester County Code and Maryland Law require
Community Engagement throughout the entire process of converting the effluent disposal
from surface discharge to spray irrigation. The following summarizes the anticipated
portions of the project where public hearings will be held and community comments
taken:

1. Water and Sewer Plan Amendment (Already Completed)
Planning Commission - Public Hearing held September 3, 2015
County Commissioner Public Hearing held October 20, 2015

2. Groundwater Discharge Permit - Permit is advertized and public hearing can be
requested.
3. Construction Project Public Hearing is required Worcester County Code Section

PW35-307 which states:

"The County Commissioners shall hold a public hearing on the cost of the project, which hearing
shall be advertised at least once per week for two weeks prior to the hearing in a newspaper of
general circulation in the area of the proposed service area. At the hearing the Commissioners
may ask for the vote of each property owner in the service area as to whether the project should be
constructed but shall not be bound by said vote."

3. EXISTING FACILITIES

The Newark Sewer System consists of conventional gravity sewer lines to a single pump station
which pumps wastewater to the Newark Wastewater Treatment Plant.

a

Location Map. Exhibit 1 includes a location map and planning area showing the location
of the existing wastewater treatment plants. The majority of the customer base is in the
Newark area but this facility also provided service to the Worcester Technical High
School approximately 3 miles to the south.

History. The existing Newark Wastewater Treatment Plant was originally constructed in
1970 as a 2-cell anaerobic lagoon. In early the 1990's, divider baffles were added and a
surface acrator was instalied to assist in BOD reduction and to increase dissolved oxygen
(DO) in the plant effluent. As effluent limits continued to tighten, dechlorination
facilities were added and supplemental aeration was added to at the effluent chlorine
contact chamber, again to boost the effluent DO.

Condition of Facilities. In general for a 45 year old treatment plant, the Newark facility
is in good condition. There is minor erosion of the lagoon embankments but those areas
are normally repaired as they arise. The surface aerator motor was recently replaced and
the chemical feed pumps were recently replaced. The divider baffles will need to be
replaced within the next few years but they continue to function as needed.
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Financial Status of any Existing Facilities. Currently, the Newark Sanitary Service Area
has difficulty maintaining a positive cash balance. This small service area has the Jargest
annual average domestic water /sewer bills in the County at slightly over $1,200. The
small customer base makes any needed large repair a financial challenge.

Water/Energy/Waste Audits. The current Newark system is very simple. In evaluating
the use of water, energy and waste disposal practices there is no real opportunity for
conservation. Water is only used for mixing of needed disinfection chemicals, energy
use is limited to pumping needs and a single surface acrator. Bio-solids waste
decomposes at the bottom of the treatment pond and in over 40-years of use, remains at a
low level.

4. NEED FOR PROJECT

As discussed earlier in this report, the Newark Wastewater Treatment Plant can no longer reliably
meet the effluent limits required by their NPDES Discharge Permit. These stringent effluent
limits are being driven by the need to improve the water quality in the Newport Bay. By changing
the plant effluent from a surface water discharge to spray irrigation, all of the nutrients currently
being discharged to Newport Bay will be taken up by the plant growth on the spray site.

a

Health, Sanitation, and Security. The current facilities cannot reliably meet permit
conditions for treated effluent. However, the treatment plant would produce effluent of
an adequate quality for spray irrigation.

System O&M. Operation and Maintenance of the proposed spray site will require
considerably more manpower than the current surface water discharge. However;
construction of a new wastewater treatment plant to meet the more stringent effluent
limits would also result in a significant increase in O&M activities related to plant
monitoring, disposal of plant residuals and electrical power.

Growth. As discussed earlier, the potential for growth in this service area is limited. The
current treatment plant has shown no significant increase in flow for the past 20 years and
there are no current plans for growth in this service area.

ALTERNATIVES CONSIDERED

Description - In developing alternatives for wastewater treatment and disposal, a number of

conditions were considered:

This facility serves a very small population and the rates currently paid by customers are
the highest within Worcester County

Operation and maintenance costs must be minimized in this service area

Debt payments need to be minimized

In 2008, the County Commissioners purchased a parcel of land so that it could be made
available to the Service Area for effluent disposal

The County Comprehensive Plan and Master Water and Sewerage Plan identifies land

disposal systems as the preferred effluent disposal method and recommends that current
surface discharges be abandoned when possible.



The consent order and agreement between the County Commissioners and MDE was
written around the use of spray irrigation for effluent disposal

With the above conditions in mind, construction of a new wastewater treatment plant is not
considered an option. First, the Worcester County Comprehensive plan has identified spray
rrigation as the preferred method of wastewater treatment plant effluent disposal. Next, the cost
of operating an advanced wastewater treatment plant is not considered viable for this small service
area. With this in mind, the alternatives considered are limited to the routing of the pipelines
between the treatment plant and the spray site and provisions for effluent disposal or holding
during the winter season when the spray site will not be available.

1.

Routing of pipelines from the treatment plant to the spray site. Both of these options are
shown on Exhibit 3 along with the estimated cost for each.

Option 1A - Railroad Right of way - In this option, the pipeline would be routed along
the right of way owned by the Maryland and Delaware Railroad. As the spray site
borders the railroad, the pipe would terminate on the spray property along the railroad.

Option 1B - Newark Road - The pipeline route in this option would follow Newark Road
and enter the site along the access road to the spray site.

Life Cycle Cost Analysis - As shown in Exhibit 3, the lowest life cycle cost approach to
the selection of the pipeline route is to follow the route along the existing Delaware and
Maryland Railroad.

. The following options are available for managing effluent from the treatment plant during

winter and other periods when spray is not available

Option 2A - Increasing available storage in the existing treatment pond - This would
require increasing the pond embankment on the existing treatment pond to hold
additional wastewater. The existing pond was constructed with the ability to hold
approximately 60 days storage in its current configuration. For each additional foot of
embankment height, approximately 15 days of additional storage could be expected.
Therefore, adding 2-feet of additional embankment would increase holding capacity to 90
days which would be considered the minimum acceptable level.

Option 2B - Construction of a new storage pond - Construction of a new pond would
require acquisition of a separate property of a size large enough to install a holding pond.
No site has currently bee identified for this but there are several properties near the spray

site that could be available. This alternative is considerable more expensive than Option
2A.

Option 2C - Retaining surface disposal capability during winter months. Although this
might be difficult to accomplish, it should be noted that the permitted effluent limits
required for winter disposal of plant effluent are considerably relaxed.



b. Design Criteria. The primary design criteria for this project will be to determine the capacity
of the individual sites for effluent disposal. In 2008, recognizing the possibility that the
Newark Wastewater Treatment Plant would eventually need to remove the surface water
discharge, the Worcester County Commissioners purchased the proposed spray site. Prior to
the purchase, the Commissioners had a preliminary evaluation completed to estimate the
capacity available on this site. A copy or that report is included in Exhibit 2.

c. Environmental Impacts. Although a separate environmental report must be completed, none
of the proposed work would not involve significant above grade permanent construction. The
spray irrigation of effluent will significantly reduce nutrients discharged to the Maryland
Coastal Bays.

d. Land Requirements. Land requirements associated with this project is currently identified and
available.

e. Construction Problems. No problems are anticipated during construction of this project..

. Cost Estimates. Detailed cost estimates for the described alternatives are shown in Exhibit 3.
The following summarizes the estimated cost for each are summarized as follows:

Option 1A - Railroad Pipeline Routing
Construction Cost - $352,000
20-year Life Cycle Cost - $395,000

Option 1B - Newark Road Pipeline Routing
Construction Cost - $420,200
20-year Life Cycle Cost - $430,000

Option 2A - Raising Existing Embankments
Construction Cost - $100,650
20-year Life Cycle Cost - $105,000
Option 2B - Construction of a new pond - $660,000
Construction Cost - $660,000
20-year Life Cycle Cost - $663,000
Option 2C - Seasonal Discharge - No Cost*
*Obtaining a seasonal discharge will be difficult and require regulatory approval

g. Advantages/Disadvantages. The identified advantages are summarized as follows:

Pipeline Routes - The pipeline route along the railroad is significantly shorter than the route along
Newark Road and is therefore the preferred route. Even though there will be a required
payment to the railroad for this route, it will result in a lower life cycle cost.

Effluent Holding - The lowest cost alternative of having a seasonal discharge from the treatment
plant is the preferred option. However, it could be difficult to obtain approval for that

discharge from the regulatory bdy. Construction of a second holding pond would be only
considered if none of the other options were available.

6. SELECTION OF AN ALTERNATIVE

This section discusses the selection of an alternative and discusses the implementation of the
proposed project.



a

No Action Alternative

Selecting the no action alternative is not considered an option for the following reasons:

b

The Worcester County Commissioners as owners of treatment plant are currently under
orders from the Maryland Department of the Environment to bring the plant into
compliance with the discharge permit issued for the facility

The treatment plant as constructed is not capable of meeting the discharge limits as
required by the current discharge permit

The process currently used by the plant is not able to be modified to meet the discharge
permit limits

New Wastewater Treatment Plant

Construction of an new wastewater treatment plant was not considered an option for the
following reasons:

C

There 1s not enough space either on the current wastewater treatment plant site or the
proposed spray site for a new wastewater treatment plant, therefore a new plant site
would be needed.

In looking at the cost of recently constructed advanced treatment plants, the initial
construction cost would be from $1.5 to $1.7 million, significantly more that the
proposed spray field

The operating cost of a new advanced wastewater treatment plant would be 2 to 3 times
the operating cost of this facility, even when considering the spray irrigation efforts.

The Selected Alternative

The final selected project was selected based on the following criteria:

Life Cycle Cost - Based on Life Cycle Cost, the pipeline routing along the Delaware and

Maryland Railroad was selected and increased storage will be created at the existing wastewater
treatment pond by raising the lagoon embankments.

Non-Monetary Factors - Non-Monetary factors considered in this evaluation include:

Because of the remote location of this facility, retaining the existing lagoon treatment
plant was preferred over the installation of newer technology requiring extensive
monitoring and operator attention

Spray irrigation 1s used throughout the County for wastewater disposal and operators
understand and have experience operating these systems

The proposed spray site is shielded from residential areas by and an established stand of
frees



The project is summarized as follows:

s  Two (2} New submersible pumps (7.5 Horsepower) will be installed in the existing
chlorine contact tank. These pumps will be sized to pump 125 gallons per minute of
plant effluent to the spray site, therefore, at full capacity, daily flow can be pumped to the
spray field in 6 to 8 hours.

e A new 4" pipeline (approximately 6,000 LF) will be constructed through the treatment
plant site to the Maryland and Delaware Railroad right of way and along the railroad to
the proposed spray site

s A 250,000 gallon stee]l ground level storage tank will be constructed at the spray site to
hold effluent at the spray site. We expect to relocate a ground level tanks currently
owned by Worcester County for this purpose.

* From the holding tank(s), the effluent will be applied to the spray site through a system of
irrigation pumps, pipes and sprinkler heads.

Additional project components will include:

e Monitoring and permitting of the spray site

e Minor improvements to the existing treatment plant (rehab of the cell divider baffles,
surface aerator and raising the pond embankment to increase storage

¢ Reimbursement to the Worcester County General Fund for the purchase of the spray site

o Engineering design and construction monitoring

¢ General Administrative and Bond Closing expenses

Short Lived Assets - As with most wastewater disposal projects, this project contains few short
lived assets. The system is designed for a 40-year life span and most components will have a
much longer life span. Pumps have a normal operating life 0of 20 to 40 years and their
replacement can be budgeted within the normal operating budget. Spray irrigation components
require minor annual repair and with proper maintenance will provide long term service.

Sustainability Considerations - The Newark Sanitary Service Area has been in operation for well
over 40 years. The key to the service area retaining its sustainability is to minimize the financial
impact of this project on the rates and to keep the operation as simple as possible. As presented,
there will be little impact on system operations, grant assistance in the capital construction
components will be critical to keeping the system sustainable.

7. PROPOSED PROJECT COSTS

Based on the discussion in Section 6, the following summarizes the project components and
provides an estimated project cost:

Item Units Quantity  Unit Price Total Price
Piping to the site Exhibit 3 S 352,000
Treatment Plant Upgrades/Rehab LS 1 $ 50,000 S 50,000
Additional Storage Exhibit 3 S 101,000 S 101,000
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Pumps at the Newark WWTP EA 2 S 20,000 S 40,000
Pump Installation LS 1 S 20,000 S 20,000
Pumps At the spray field EA 2 S 10,000 S 20,000
Spray Field Pump House LS 1 S 50,000 S 50,000
Spray Irrigation Piping and

Sprinklers LS i S 60,000 S 60,000
Storage tanks (relocated) EA 2 $ 40,000 S 20,000
Electrical and Controls LS 1 S 80,000 S 80,000
Permitting and Testing LS 1 S 50,000 S 50,000
Design Engineering LS 1 S 80,000 5 80,000
Construction Oversight LS 1 S 50,000 S 50,000
Monitoring Systems EA 5 S 10,000 S 50,000
Sub-total $ 1,083,000
Contingency 10% $ 108,300
Total Estimated Construction Cost $ 1,191,300
Land Purchase S 760,000
Legal/Admin S 50,000
Total Project Cost S 2,001,300
Use S 2,000,000

8. ANNUAL OPERATING BUDGET

The detailed operating budget for the Newark Service Area is included as Exhibit 4 in the rear of
this report. That 2015/16 budget is summarized as follows:

REVENUE
Charges for Services $119,600.00
Interest & Penalties $2,500.00
Transfer from Reserves ($2,246.00)
REVENUE TOTALS $119,854.00

EXPENSE
Personnel Services $60,629.00
Supplies & Materials $15,415.00
Maintenance & Services $37,354.00
Other Charges Totals $1,220.00

EXPENSE TOTALS $119,854.00

In addition to the operating budget, the service area currently has a current outstanding debt of
$258,517. This debt results in an annual payment of approximately $22,430. The funds for
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retirement of the debt 1s assessed on the customers quarterly bill at $27 per Equivalent Dwelling
Unit (EDU) per quarter or $108 per year..

This service area currently serves approximately 111 customers therefore, the average annual

water/sewer bill is $997 per customer, Adding $108 for debt retirement results in an average
annual charge of $1,105 per customer.

Incurring debt to construct this project would add significant costs to the service area customers.
Even at subsidized rates, adding $2,000,000 in debt to this service area results in an additional
annual cost of Nearly $82,000 or $395 per customer.

In Summary:

Current Annual O&M Cost Per Customer $1,077
Current Annual Debt Retirement Cost $108
Debt Retirement Cost of Proposed Improvements $739
Potential Annual Cost Per Customer $1,924

Clearly, grant assistance will be needed to complete this project while maintaining a reasonable
annual cost to the service area customers.

9. PROJECT SCHEDULE

The following is a proposed project schedule:

Start Finish
Task Description Date Date
Water and Sewer Plan
Planning Commission Review 10/26/2015 | 11/25/2015
Commissioners Public Hearing 12/25/2015 | 2/23/2016
Submission and MDE Approval 3/24/2016 6/22/2016
Spray Field Evaluation
Monitoring Plan - Spray Field 8/12/2015 10/11/2015
Install Wells/Initiate Sampling 12/11/2015 | 3/10/2016
Monitoring Program for Spray Field 1/10/2016 1/9/2017
Final Report on Spray Field 2/1/2017 3/1/2017
Discharge Permit Approval
Permit Application/Approval 7/22/2016 10/20/2016
Funding Applications
Preliminary Engineering Report 7/27/2015 9/25/2015
Environmental Report 5/27/2016 8/24/2016




USDA Funding Application/Award 2/24/2016 512212016
MDE Funding Application/Award 1/31/2016 5/30/2016
Design/Construction
Preliminary Design 4/30/2016 8/28/2016
Final Design 9/27/2016 11/26/2016
Construction Permits 12/10/2016 | 3/10/2017
Bidding Phase 5/2/2017 77172017
Construction Phase 71112017 4/27/2018
Start-up/Compliance 4/27/2018 4/27/2019

10. PERMIT REQUIREMENTS

To complete this project, the following permits and approvals will be needed:

Groundwater Discharge Permit

S ko =

Wastewater Construction Permit
Erosion and Sediment Control Permit
Notice of Intent to activate the General Permit for Storm Water
County Roads Occupancy Permit

Water and Sewer Plan Amendment

11. CONCLUSIONS AND RECOMMENDATIONS

The Worcester County Commissioners are committed fo removal of Newark Treatment Plant
discharge from the Newport Bay Watershed and converting it to a spray irrigation facility.
Property has been acquired and a preliminary evaluation completed on the proposed spray site.
The site has an estimated disposal capacity adequate for this service area and a plan has been
developed to implement this project. The small size of the service area requires a combination
of grant/loan funding assistance to complete this project and maintain a reasonable rate for

customers.

12. PROJECT ASSET MANAGEMENT

The following section discusses the asset constructed as a part of this project

Critical Asset

Condition

Maintenance/Replacement
Plan

Raw Water Pump Station

Good - Replaced in 2004 with
precast concrete wet well and

new discharge pumps

Maintained as a part of daily
operator plant inspection.
Redundant pumps are installed
and pumps are replaced as
needed.
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Treatment Pond

Fair - Originally constructed
in 1970, erosion repairs made
as needed

Inspected as a part of daily
operator plant inspection.
Repairs generally require
stabilization with stone
revetinent

Surface Aerator

Good, motor replaced in 2015,
additional aerator anticipated
to be installed as a part of this
project

Maintained as a part of daily
operator plant inspection.
Serviced annually with parts
replaced as needed.

Chlorine Contact Tank

Good - Originally constructed
in 197, cast in place concrete
in good condition

Maintained as a part of daily
operator plant inspection.

Effluent Pumping System

New - Being constructed as a
part of this project

Will be inspected as a part of
daily operator duties.
Redundant pump to be
included. Minimal cost for
replacement as needed.

Effluent Holding Tank(s)

Good, relocated water tank
from Oean Pines Service
Area, no longer in use. Steel
structure had regular
maintenance minimal surface
rust to be repainted as part of
this project

Inspected when spray
operations are taking place,
cleaned annually and repaired
as needed.

Spray Iirigation piping

New - Being constructed as a
part of this project

Maintained as a part of daily
operator plant inspection.

Energy/Water efficiency of these assets and conservation effort plan - The proposed Newark Spray

Irrigation Facility is very simple with minimal rotating equipment and few opportunities for energy

conservation.
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EXHIBIT 1 - PROJECT PLANNING AREA/LOCATION MAP
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This map provided courtesy of Worcester County, Md. The information depicted on this map is not oficial and is not to be
used for excavation, construction or regulatery purposes. The information provided may not reflect current conditions and
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EXHIBIT 2 — PRELIMINARY SPRAY SITE REPORT
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EXHIBIT 3 - ALTERNATIVE COST ESTIMATES
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Worcester County Department of Public Works

Water and Wastewater Division
Newark Effluent Spray rrigation
Pipeline Cost Alternatives

Option 1A - Railroad Route

Units  Quantity Unit Total Price
Price
Piping to the site LF 6000 S 45 S 270,000
Payment to Railroad LS S 50,000
Sub-total 5 320,000
Contingency 10% S 32,000
Total Estimated Cost 5 352,000
Option 1B - Newark Road
Units  Quantity Unit Total Price
Price
Piping to the site LF 7600 S 45 S 342,000
Road Restoration LF 4000 S 10 S 40,000
Sub-total S 382,000
Contingency 10% S 38,200
Total Estimated Cost S 420,200
Life Cycle Cost Comparison:
Option 1A
Inittal Construction Cost S 352,000
Annual Pipeline Maintenance S 3,000
Railroad Lease 3 2,500
Salvage Value 5 70,400
Term Rate Annual Cost PV Total PV
Present Value 20 3.2% $42,837.88 $394,837.88
Option 1B
Initial Construction Cost S 420,200
Annual Pipeline Maintenance S 3,300
Railroad Lease S -
Salvage Value S 84,040
Term Rate Annual Cost PV Total PV
Present Value 20 3.2% 510,742.83 $430,942.83



Worcester County Department of Public Works
Water and Wastewater Division
Newark Effluent Spray Irrigation

Effluent Holding Options

Option 2A - Raise Existing Holding Pond

Units  Quantity Unit Total Price
Price
Site Prep LS 1 S 20,000 S 20,000
General Fill cY 1000 S 25§ 25,000
Clay Material cY 250 ) 80 S 20,000
Stabilization (Riprap) Tons 100 S 65 S 6,500
Restoration LS S 20,000
Sub-total 5 91,500
Contingency 10% $ 9,150
Total Estimated Cost 5 100,650
Option 28 - New Pond
Units  Quantity Unit Total Price
Price
Property Acres 3 5 20,000 S 60,000
Excavation cy 25000 S 12§ 300,000
Fill Placement cY 25000 S 8 S 200,000
Clay Liner cY 500 5 80 § 40,000
Sub-total 5 600,000
Contingency 10% S 60,000
Total Estimated Cost S 660,000
Life Cycle Cost Comparison:
Option 1A
Initial Construction Cost S 100,650
Annual Pond Maintenance S 1,000
Salvage Value S 20,130
Term Rate Annual Cost PV Total PV
Present Value 20 3.2% $3,884.70 $104,534.70
Option 1B
Initial Construction Cost 5 660,000
Annual Pond Maintenance S 5,000
Salvage Value S 132,000
Term Rate Annual Cost PV Total PV

Present Value 20 3.2% §2,726.32 5662,726.32



EXHIBIT 4 - ADOPTED BUDGETS
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Attachment 1 - Consent Order and Agreement
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