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Ity Chapet Hill, North Carotina 27599-1650

November 11, 2011

Mr. Nathanie! D. Thornburg

North Carolina Department of Environment and Natural Resources
Division of Water Quality

Aquifer Protection Section

Land Application Unit

1636 Mail Service Center

Raleigh, NC 27693-1636

RE:  Application No. WQ0023896 UNC-CH Bingham Facility
Additional information Submittal #1
UNC-CH Bingham Facility
Wastewater Irrigation System
Orange County

Dear Mr. Thornburg:

In response to your October 14, 2011 “Request for Additional Information” as well as the subsequent NCDENR
“Letter of Clarification” dated October 18, 2011; both in connection with the above referenced application , we
have prepared attached response and modified application.

If there are any additional camments, please contact me at 919-843-591.

Sincerely, /k
Mary Beth Koza ?/D
Director, Environment, Health and Safety
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Mr. Nathaniel D. Thornburg

North Carolina Department of Environment and Natural Resources
Division of Water Quality

Agquifer Protection Section

Land Application Unit

1636 Mail Service Center

Raleigh, NC 27699-1636

RE: Application No. WQ0023896 UNC-CH Bingham Facility
Additional Information Submittal #1
UNC-CH Bingham Facility
Wastewater Itrigation System
Orange County

Dear Mr. Thornburg;

We received your October 14, 2011 “Request for Additional Information” as well
as the subsequent NCDENR “Letter of Clarification” dated October 18, 2011;
both in connection with UNC-CH Application WQO0023896. We have reviewed
your comments and have addressed each of your specific comments in the order
that you presented them. Your original comments are shown italicized, with our
responses following each comment in plain text. Copies of NCDENR's
comment and clarification letters are included under Tab 1 and the revised
Application No. WQ0023896 is included under Tab 2.

Notes:

1. When providing an additional information response to the Division, please
provide a letter addressing each comment and provide a reference as to the
location of the requested information in the updated application package.

Response
We have formatted our responses as requested.
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Application:
1. Plense amend Application Item IL5. to include the submittal data for the

Stormwater Management Plan. While the Stormwater Management Plan
does not need to be approved prior to issuance of this non-discharge
permit modification, the plan shall at least be submitted to the appropriate
agency for review.
Response

We originally submitied the Stormwater Management Plan on
March 25, 2011, then revised the application in response to
regulatory comments on August 29, 2011 and finally received a
NCDWQ approved Stormwater Permit (No. SW5110901) on
September 19, 2011. We have updated Application Item IL5
accordingly (Tab 2} and have attached a copy of the permit and
final submittal under Tab 3 for your file.

2. Amend Application Item HI5. to include the estimated influent
concentrations for nitrate, nitrite, total nitrogen and total phosphorus. In
gddition, amend this item to include the designed effluent concentrations
for all of the listed parameters, not the 154 NCAC 02T .0505(b) limits.
These values can either be based upon the wastewater treatment facility’s
design calculations to remove the listed parameters, or can be based upon
actual sampled measurements. Please note that the Division needs these
values to verify the submitted agronomic calculations.

Regponse

a) Estimated Influent Concentrations: The University has committed to
reducing the influent waste strength and volume at the Bingham
Facility such that the existing on-site AdvanTex™ biological
treatment process will be capable of producing a complying
effluent for secondary land application. As such, the influent
concentrations now shown in revised Application Itern IIL5 (Tab 2)
represent the annual average projected influent loading after “re-
purposing” as described in item b) below). The influent sewage
will enter the upstream septic tank with liquid effluent proceeding
to biological treatment and chlorine disinfection prior to discharge
into the wet weather storage basin for land application. Per your
request, we have characterized the anticipated influent wastewater
flow and have predicted wastewater contaminant concentrations
based on “typical” municipal strength wastewater. The results of
our analysis appear in Table 1 of this letter. We have also revised
Application Item IIL5. to include the estimated influent
concentrations for all listed parameters including total nitrogen,
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organic nitrogen, ammonia nitrogen, nitrate, nitrite, and total
phosphorus (Tab 2).

Table 1- Composite & Design Wastewater Characterization

People 15 35 525 250 180 40 7
Dishwasher 1 375 375 200 50 40 7
Laundry Washer 2 500 1000 200 50 40 7
Cage Washer 1 140 140 20 20 10 7
Wet Lab 2 200 400 200 50 | 40 7
Softener Brine 2 80 160 25 30 50 7
Boiler Blow-down 2 25 50 50 40 50 7
Calculated Composite 2650 187 73 39 7

Design 3556 250 200 40 7

BOD - Biochermicat Oxygen Dernand, TS5 - Total Suspended Solids, TKN - Total Kjeldahl Nitrogen, TP - Total Phosphorus

b) Effluent Concentrations: It would not be represenfative, at present, to
utilize effluent wastewater sample results collected from existing
wastewater generated at the Bingham Facility because the current waste
flow contains large volumes of animal wastewater which will be
eliminated as part of the “re-purposed” facility. “Re-purposing” will
involve a conversion to a dry-bedding animal holding facility and will
initially house caged to small rodents. Once the conversion is completed,
the dry bedding system will capture 98% of all animal waste and prevent
it from entering the sewer system. The dry bedding (containing animal
waste) will be regularly removed as a solid waste material and properly
disposed of in a sanitary landfill. The result of these changes will be to
minimize both the wastewater volume and loading such that the
resulting wastewater will be more characteristic of standard municipal
sewage. Per your request, we have modeled the existing primary settling
basin (septic tank), AdvanTex recirculating textile fabric biological filter,
and chlorine disinfection system using the composite influent wastewater
to predict the design average daily wastewater effluent quality. The
results of this analysis are presented in Table 2 of this Jetter. The detailed
process computations used to project design effluent concentrations are
included under Tab 4.
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Table 2 - Projected Design Fffluent Wastewater Concentration Following Each Individual Unit Treatment Proce

Raw Influent 3,556 250 200 40 25 i5 0 7
Sewage

Post Primary 3,556 162.5 100 40 35 0 ¢ 5
Settling
Post Multi-Pass 3,556 10 10 25 15 0 10 5
Textile Fabric
AdvanTex
Biological
Treatment Process .
Design Effluent to 3,556 10 10 25 15 4] 10 5

be Land Applied
BOD - Biochemical Oxygen Demand, 1585 - Total Suspended Sofids, TN - Total Nitrogen, TP - Total Phasphorus

3. Amend Application Item IV.2. to include the actual minimum field
measured distance from the irrigation system and treatment/storage units
to each applicable item listed in 15A NCAC 02T .0506. Distances greater
than 500 feet may be marked N/A.

Response
We have revised information in Application Item IV.2. (Tab 2) to
include the actual minimum field measured distance from the
irrigation system and treatment/storage units to each applicable
item listed in 15A NCAC 02T .0506.

4. Amend the two tables in Application Item VLS. to include the correct
effective or total volumes for the two storage structures. The current
tables list the effective volume as equal to the total volume. Plense note
that the total volume is the volume between the top of the embankment and
the basin bottom. The effective volume is the volume between the fwo-foot
freeboard elevation and the basin bottom or cutlet pipe, whichever is
higher.

Response
We have revised the two tables in Application lem VL5. (Tab 2) to
include the correct effective volume provided (125,724 gallons for
Basin #1 and 1,122,442 gallons for Basin #2) and total volumes for
the two storage structures (207,267 gallons for Basin #1 and
1,471,054 gallons for Basin #2). The total wet weather storage
volume available on-site is equivalent to 315 days at ADF.
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5. Application Item VIL7. states that the recommended annual loading rate is
10.28 inches per year (infyr). However, Page 10 of the soil evaluation
recommends an annual loading rate of 8.2 infyr. Please amend.

Response

We have re-evaluated the recommended annual loading rate with
Edwin Andrews & Associates (Project Hydrogeologist) and Scott
Fredrick of Soil, Water, & Environment Group, (the NC-licensed
Soil Scientist for this project) in light of NCDENR comments. After
adjusting the system Water Balance (refer to Tab 7) to utilize the
NCDENR-recommended drainage coefficient of 0.085 for the site,
we recalculated the sprayfield safe hydraulic loading rate. Based
on these changes, the revised spray application rate should be
10.92 inches per year. As such, we have revised both Application
Item VIL7. (Tab 2}, and page 10 of the Soils Scientist Evaluation
(Tab 5) to be consistent.

6.  Application Item VIL10.a. states that the proposed irrigation area is
249,163 square feet (ft2). Using the proposed average daily flow of 3,556
gallons per day (GPD), this equates to a design annual loading rate of 8.36
infyr. Please amend this item to include the correct designed annual
loading rate.

Response

The proposed irrigation area is correctly identified as being 249,163
sqquare feet (5.72 acres) in size on the application. Using the design
wastewater loading of 3,556 gpd (1,297,940 gpy)} and the net
precipitation gain in the two wet weather storage basins over the
year (397,568 gpy), the total volume to be applied annually should
be 1,695,508 gpy. As such, the correct design annual loading rate
to the spray fields should be 10.92 inches per year. We have
revised Item VIL10.a. of the Application (Tab 2}, the Water Balance
(Tab 7) and the Soil Scientist Evaluation to reflect the revised
application rate of 10.92 inches/year.

7. Amend the second table in Application Item VIL10.a. to state the wetted
diameter of the nozzles is 80 feet, and that its wetted area is 5,027 2.
Response
We incorrectly listed the wetted radius of the nozzles as 40°. We
have therefore corrected Application Item VIL10.a. (Tab 2) to show
the wetted diameter of the nozzles to be B0’ with a wetted area of
5,027 square feet.
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8. Please note that the Division did not verify the calculations in Application
Item VIL11. because the proper designed effluent concentrations were not
provided in Application Item IIL5.

Response

We understand that NCDENR was not able to verify the
calculations in Application VIL11. without the proper design
effluent concentrations. We have therefore calculated the
requested design effluent concentrations (Tab 4) and have correctly
indicated these values in Application Item IIL5. (Tab 2) for your
review and  evaluation. As you wil note in
Section 3.1.2 of the Agronomist's Report (Tab 6), the proposed
UNC Bingham Secondary Land Application Spray Sites currently
exhibit both nitrogen and phosphorus deficiencies. As such, the
addition of wastewater to the site will improve soil fertility and
consequently the growing conditions and productivity of the site.
Per Section 3.2.1 of the Agronomist's Report, the anticipated
maximum 619 Ibs TN/ac/yr (total nitrogen loading) associated
with the wastewater application is less than the 80 fo 120 Ibs of
nitrogen addifion recommended by the NCDA for these soils

fypes.
Soil Evaluation:
1 Table 1 on Page IV states that the irrigation shall be seasonal, however,

Application Item VIL7. states annual. Please amend for consistency.
Response
Table 1 on page IV of the Soil Scientist Evaluation incorrectly
indicated that irrigation would be seasonal. We have revised the
table to indicate that spray application is intended to be performed
throughout the year when weather conditions allow and have
included the revised Soil Scientist Bvaluation under Tab 5.

2. Section 4.1 on Page 4 states that spray irrigation shall not occur within 25
Sfeet of non-S4 surface waters. Per 154 NCAC 02T .0506(a), this setback
shall be 100 feet. Please amend.

Response
Section 4.1 on Page 4 of the Soil Scientist Evaluation incorrectly
listed the spray irrigation setback to non-SA surface waters as 25",
This section of the Soils Report has been revised to reflect the
correct setback of 100 {Tab 5).

3. Section 5.2 on Page 8 makes note of having a Sodium Adsorption Ratio
(SAR) of less than 10. Please clarify whether or not excessive salls are
anticipated 1o be in the effluent waste stream.
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Regponse
We have revised Section 5.2 on Page 8 of the Soil Scientist

Evaluation fo include a statement by the Soils Scientist that “The
proposed effluent is anticipated to have SAR values safe for
irrigation”,

4. Page 10 of the soil evaluation recommends an annual loading rate of 8.2
infyr, however, Application Item VIL7. states that the recommended
annual loading rate is 10.28 infyr. Please amend.

Response
We have revised both page 11 of the Soil Evaluation (Tab 5) as well
as Application Item VIL7 (Tab 2) to reflect the revised annual
loading rate of 10.92 in/year or (.21 inches/week.

s Per Application Instruction E and 154 NCAC 02T .0504(b)(4), provide a
standard soil fertility analysis for both the Georgeville and Herndon soil
series.

Response
A standard fertlity analysis was completed across the site and
specifically at each K location (includes both Georgeville and
Herndon soil series). The fertility data by soil series is presented in
Table 2 of the Agronomist Report (Tab 6). The complete fertility
analysis for all plots is included as Appendix C of the attached,
revised, Agronomist Report (Tab 6).

Agronomist Report:

1 Please note that the agronomic calculations have not been verified by the
Division because the designed effluent concentrations in Application Item
IIL5. were not provided.

Response

We understand that the agronomic calculations have not been
verified by the Division because the designed effluent
concentrations in Application Item IIL5. were not provided. We
have calculated the design effluent nutrient concentrations (Tab 4}
and updated Application Item IIL5. (Tab 2} accordingly.
Agronomic calculations have been revised for annual wastewater
loadings of 10.92 infyr with a design effluent total nitrogen
concentration of 25 mg/l and a total phosphorus concentration of 5
mg/l (Tab 6, pages 9-12).

2. Pages 4 and 5 again make mention of the Sodium Adsorption Ratio (SAR),
and recommends that the SAR be analyzed. Accordingly, please clarify
whether or not high salf concentrations will be present in the effluent.
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Response
Section 2.2.1 of the Agonomist’'s Report (Tab 6, Pages 4-5) has been

revised to indicate “Recent water quality testing data indicates the
UNCBWWTF irrigation water has an SAR of less than 10 (SAR=3.5)

(EnviroChem, 2010).
Water Balance:
1 The submitted water balance was truncated during printing/copying.

Accordingly, the Division is unable to determine the temperature and
precipitation data used, and therefore the water balance celculations have
not been verified Please resubmit copies of the original water balance
that include all of the required data.

Response
We have revised the Water Balance to incorporate the NCDENR-
recommended Drainage Coefficient of 0.085 and have attached the
updated Water Balance in its entirety under Tab 7 for your review.

2. Please provide the top of berm surfiuce areas for both of the wet weather
storage basins.

Response
The correct top of berm surface area for both of the wet weather
storage basins is shown on each water balance sheet. However, for
clarification, the wet weather surface area (i.e. surface area at the
top of berm elevation) for the small storage basin is 11,970 square
feet (0.2748 acres) and the surface area of the larger storage basin is
19,829 sf or 0.4552 acres).

3 Page 2-7 of Ed Andrew’s report indicates that runoff was used in the
truncated water balance. Please note that the Division respectfully
disagrees with the proposed method of determining runoff using a
straight 20% runoff calculation, which is not representative of rainfall
intensity or soil surface infiltration rates. Therefore, if the Applicant
intends to use runaff in the water balance calculations, the following
information will need to be submitted:

a. The Division recommends the following equation to determine runaoff:

2
R= M, where R = runoff, P = precipitation and S = @) —10
P +0.8S CN

b. Daily precipitation data from a 30 year time span that is from the
same source used in the 80" percentile data in the water balance.
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¢. Submit a copy of a referenced source (e.g., Soil Conservation Service)
that includes the following information for North Carolina soils
Justifying the use of the selected Curve Number (CN):

i. Cowver Type and Hydrologic Condition for the proposed site

ii. Hydrologic Soil Groups for North Carolina Soils identifying
the soil classifications for Georgeville and Herndon (i.e, A, B,
Cor D}

iti, Curve Number (CN) for the Hydrologic Soil Group based on
the Cover Type and Hydrologic Condition.

fv. Using the justified CN and S value for the appropriate cover
type and hydrologic soil condition, determine the potential
runoff for each storm event that occurred in the data set (i.e.,
30 year period), then sum the calculated runoff per month,
and then average info annual monthly runoff values. Once
30-year monthly average runoff values are determined, it may
be weighted to 80" percentile to be consistent with the
precipitation data in ihe water balance.  Note daily
precipitation data may be downloaded from the State Climate

Office of North Carolina (http://www.nc-climate. nesu.edu/).

Response
We have reviewed our methodology and have agreed to eliminate

consideration of rainfall runoff from our analysis of the site. As
such, we have reworked the Water Balance per your request and no
have a need to incorporate the revised methodology described in
your comment letter.

Engineering Calculations:

1 If actual sample measurements are not available, per Application
Instruction Q and 15A NCAC 02T .0504(c)(3), amend the engineering
calculations to include pollutant loading calculations for each treatment
unit. Using the estimated influent concentrations listed in Application
Item M5, perform pollutant removal calculations for each listed
parameter within each treatment unit. Once the final designed effluent
concentrations have been determined, input those values into Application
Item IIL5. as the designed effluent concentrations. Next, use those
applicable nutrient concentrations to determine the nitrogen and
phosphorous balance caleulations in the agronomist evaluation and
subsequently listed in Application Item VIL11.


http:llwww.nc-climate.ncsu.edu
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Response
We have completed the pollutant removal computations by

treatment process unit per your request using the design influent
pollutant concentrations listed in Application Item IIL5. The final
design effluent concentrations have been computed (Tab 4) and
input into Application Ftem HL5 {Tab 2). The resulting residual
nutrient concentrations were provided to the Agronomist who has
incorporated them into the revised Agronomist’s Report (Tab 6,
Page 10). The updated nutrient information has been included in
Application Item VIL11.

2. Per Application Instruction Q and 154 NCAC 02T .0504(c)(3), amend
the Engineering Calculations to include buoyancy calculations for the
chlorine contact chamber.

Response
We have completed buoyancy calculations for the chlorine contact
chamber and are including them under Tab 8. No additional ballast
is required for this structure.

3. The storage calculations for the two wet weather storage ponds do not
match the provided volumes in Application Item V1.5, Please review these
calculations and amend the appropriate document as necessary.

Response
The storage calculations for the two wet weather storage basins
have been checked and now are consistent with the volumes

indicated in Application Item VL5. {Tab 2). The storage rating data
are included under Tab 9.

4. Application Item I12. states the average daily flow is 3,556 GPD;
however, the design calculations for the chlorine contact chamber and the
spray field use a flow of 3,500 GPD. Please revise these calculations to be
consistent with other portions of the application package.

Response
We have revised the chlorination/disinfection calculations to reflect
the sprayfield design flow of 3,556 gpd and have included the
updated computations under Tab 10.

10



Application No. WQ0023896 November 11, 2011

Site Map:

1. Review of the submitted site map shows that existing MW-1 is between the
compliance and review boundaries, and existing MW-2 is outside the
compliance boundary, Accordingly, the Applicant shall propose a new
groundwater monitoring well network, where at least one upgradient and
one downgradient monitoring well is located on the review boundary. In
addition, the Applicant should consider the feasibility of installing a
groundwater monitoring well network on the review boundary around the
wet weather storage basins.

Response

We have added two new monitoring well locations and have
shown them on the revised site map per your request (included
under Tab 11). The owner does not wish to construct the
groundwater monitoring network on the review boundary at this
time, since it is not required by regulation or statute. We are
attaching the revised version of the site map to this letter for your
review (Tab 11}.

Operation and Maintenance Plan:

1. Please note the final Operation and Maintenance Plans are not required to
be submitted until the final Engineering Certification is provided to the
Division.

Per Application Instruction § and 154 NCAC 02T .0507, provide an
Operation and Maintenance (O&M) Plan for the wastewater
trentment and irrigation system. At a minimum, the O&M Plan
shall include:

a. Describe the operation of the system in sufficient detail to show
what operations are necessary for the system fo function and by
whom the functions are to be conducted.

b. Describe anticipated maintenance of the system.

c. Include provisions for safety measures including restriction of
access 10 the site and equipment.

d. Include spill control provisions such as response to upsets and
bypasses including control, containment and remediation, as well
as contact information for plant personnel, emergency responders
and regulatory agencies.

11
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Responge
We are aware of the NCDENR requirement for a complete

Operations and Maintenance Manual as part of the final
Engineering Certification. The O&M information included in the
original application was only added to provide some assurance
that UNC is committed to providing quality operations and
maintenance of the completed systems.

McKim & Creed is already under contract with UNC-CH to
prepare the required O&M manual for submittal with the
Engineer’s Final Certification. The manual will be completed and
submitted for NCDENR review prior to issuing our request for
system operation. ‘

Residuals Management Plan;

1. Please note that per 154 NCAC 02T .0504(), the Applicant shall obtain a
wrilten commitment from a permitted residuals disposalfutilization
program and provide it to the Division prior to operation of the permitled
system,

Response
UNC-CH is aware of this requirement and will submit a written

commitment from a permitted residuals disposal/utilization
program and provide it to the Division prior to operation of the
permitted system.

General:

i At the recommended annual loading rate of 8.2 in/yr, the proposed
irvigation fields will be hydraulically loaded to the proposed permitted
capacity, yet well below the assimilative capacity of the soils. The
Division is concerned that this design will not allow for operational
control of the system, which could present possible future non-compliance.
The Division requests that the Applicant either reevaluate the annyal
loading rate capacity of the proposed irrigation area, or add additional
acreage to allow for greater flexibility when operating the system.

This matter was clarified in NCDENR’s October 18, 2011 letter as
follows:

One of the issues discussed was language in the next to last paragroph
(see General, No.1) that tended to imply that UNC-CH may not be able to
operate the spray system In compliance with the permil, if the application
rate were (o remain at the proposed rate of 8.2 inches per year (in/yr).

12
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Specifically, are letter stated “The Division is concerned that this design will
not allow for operational control of the system, which could present possible
Juture non-compliance.”

After review of the language in the additional information letter, and
discussing the intent of the language with both staff of the Division and
UNC-CH, 1 felt it necessary to send this letter to clarify the intent of the
language. It was not the intent of the Division fo suggest the UNC-CH
could not achieve compliance with the permit. Rather, it was intended to
point out that the proposed loading rate of 8.2 infyr does not provide much
operational flexibility in the event the facility receives additional water,
such as from prolonged storm events, which may require application rates
that exceed 8.2 in/yr.

Response
We are in agreement that the originally proposed annual design
loading rate (8.2 in/yr) is conservative as you have indicated. In
contrast, however, we strongly disagree with your assertion that
“The Division is concerned that this design will not allow for operational
control of the system, which could present possible future non-

complicnce” that was addressed in the NCDENR October 18, 2011 letter
of clarification (Tab 1).

We have revised our water balance methodology (as described
previously under the section tiled “Water Balance”), per your
suggestions, and the new method allowed us to increase the

annual loading rate from 8.2 in/yr to 10.92 infvr.

Relative to your concern stated in the October 18, 2011 clarification

letter “...the proposed loading rate of 8.2 in/yr does not provide much
operational flexibility in the event the facility receives additional water,
such as from prolonged storm events, which may require application rates

that exceed 8.2 in/yr", we would like to point out that our Water
Balance (Tab #7) already incorporates a total of 5257 inches of
rainfall (i.e. the annual rainfall received during the 8% wettest year
in the last decade that will be contributed inio the two open wet
weather storage basins) into the design of the wet weather storage
basins and secondary effluent sprayfield. In addition, the
wastewater system design incorporates a number of features that
together provide considerable flexibility for operational control of
the system.

Specifically, these include:

1. We have incorporated multiple spray zones that can be
independently isolated and irrigated separately. As such,
University Operators will not have to shutdown the entire

13
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sprayfield to perform maintenance or repairs on individual
sprayheads.

2. The existing permuit (3,556 gpd) is currently approved for
application to only 2.12 acres. We have more than doubled
the spray area (5.72 acres total) which will provide more
redundancy, not less.

3. We are providing a total of 1,278,160 gallons of effluent
storage volume in the two wet weather storage
impoundments. This equates to 360 days of storage at the
average daily sewage production rate of 3,556 gpd. This
provides the Operators with plenty of available effluent
storage volume in the event they wish to do regular
maintenance on any or all portions of the sprayfield. They
merely need to turn off the spray firigation system pumps
and let the effluent accurnulate in the 1,278,160 gallon
storage basin at the design sewage production rate of 3,556
gallons per day. The Operators would then have an entire
year available to do maintenance on their 5.72 acre
sprayfield.

As the NC Professional Engineering firm responsible for this
design, we are uncomfortable with increasing the annual loading
rate for secondary effluent above 10.92 in/yr at this time. Further,
we are not aware of any statutory or regulatory requirements that
require the owner to construct or provide redundant sprayfield
area. As such, we respectfully request that NCDENR withdraw its
request for redundant sprayfield area or higher application rates.

General:

Please note that the recommended annual loading rate of 8.2 in/yr for
Georgeville and Herndon soils is far lower than typical recommendations
Jor these soils. In addition, the submitted water balonce uses a Kgup
reduction factor of 4%. Since the Kgap reduction factor may be in the range
of 4 fo 10%, it has been the Division's experience that for well drained
soils, such as Georgeville and Herndon, a higher reduction factor is
acceptable, Accordingly, the Division recommends that the Applicant
consider these facts if reevaluating their water balance.

14



Application No, W(0023896 November 11, 2011

Response
We are in agreement with your perspective and have modified the

Water Balance to reflect a KSAT reduction factor of 8.5% which is
within the allowable range of 4 to 10% (Tab 7).

We trust that you will find this additional information submittal to be complete
and that it fully addresses all of your comments. However, please feel free to
contact me directly at (919} 810-3318 if you have any questions or need additional
information.

Sincerely,
McKIM & CREED, INC.

[/

Kevin C. Eberle, PE
Senior Project Manager

cc Chuck Riley, Jr. PE, McKim & Creed, Inc.
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North Carolina Depariment of Environment and Natural Resoutces

Division of Water Quality
Beverly Eaves Perdue Coleen H. Sulling Dee Fregman
Governor Director Secretary
October 18§, 2011

Mr. Richard Mann - Vice Chancellor Finance & Administration
University of North Carolina at Chapel Hill

CB #1000 - 302A South Building

Chapel Hill, North Carolina 275991000

Subject: Permit Application WQ0023896
UNC-CH Bingham Facility
Wastewater Irrigation System
Orange County

Dear Vice Chancelior Mann,

On Ootober 14, 2011 the Division of Water Quality’s (Division) Aquifer Protestion Section igsued 2 letter dated
October 14, 2011, to the University of North Carolina at Chapel Hill (UNC-CH), regarding the additional
information needed in order to complete the evaluation of the subject permit application.” The application was for
the modification of Non-Discharge Pertit No. WQO023896, associated with the continwed operetion of a
wastewater irrigation systern at the Bingham Facility,

Upon receipt of the letter, the Division received 2 telephone call from Ms. Mary-Beth Koza to discuss the
Information requested. One of the issues discussed was language in the next to last paragraph (see General, No.1)
that tended to fmply the UNC-CH may not be able w operate the gpray system in compliance with the permit, if
the application rate were to remain at the proposed rate of 8,2 inches per year (infyr). Specificaliy, our letter
stated, “The Division is concemed that this design wiil not allow for operational control of the gystem, which
could present possible future non-compliance.”

After review of the language in the additional information letter, and discussing the intent of the language with
both staff of the Division and UNC-CH, 1 felt it necessary to send this letter to clarify the intent of the language. It
was pot the intent of the Division to suggest the UNC-CH could not achieve compliance with the permit. Rather it
was Intended to point out that the proposed Joading rate of 8.2 infyr does not provide much operations! flexibility
in the event the facility receives additional watet, such as from prolonged stormm events, which may require
application rates that exceed $.2 infyr.

It should be noted that prior to seeking modification of the permit, the existing field on site was permitted to
recejve treated wastewater up to 24.09 iofyr. A majority of this previously permitted field is included in the
proposed irtigation area and is 1o have 2 reduced loading rate of 8.2 infyr. The Division is not aware of any
situation, §uch as ponding or run-off due to the over-application of wastewater effiuent, where the existing fields
had an_y.dxfﬁculty assimilating the treated wastewater at the existing annual loading rate of 24.09 infyr. The soils
comprising the proposed new fields are similar to the soils in the previously permitted field, and should be
capable of assimilating more than the requested application rate.
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Therefore, in order to provide flexibility related to operation of the spray fields, the Division recommends the
UNC-CH reevaluate the proposed irtigation rate of 8.2 infyr, and determine whether or not & higher loading rate
{not to exceed 24.09 infyr) can be achieved, or include additional wetted acreage.

I you have any questions concerning this matter, please contact me via email at jay. zimmerman@nedenr.gov or
at (919) 791-4200. '

Sincerely,

»

3. J%Ziléz‘efman

Enviroomental Program Supervisor

0% RRO-APS Files
Aguifer Protection Section Central Files
Ms, Mary-Beth Kozs ~-UNC-CH
Charles D. Riley, Jr., PE — McKim & Creed
Scott J. Frederick, LSS ~ Soil, Water & Environmental Group, PLLC
Bdwin Andrews, PG, LSS - Bdwin Andrews & Associates
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RICHARD L. MANN — VICE CHANCELLOR FINANCE & ADMINISTRATION

THE UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL

CB#1000 — 302A SOUTH BUILDING

CHAPEL HILL, NORTH CAROLINA 27599-1000

Subject:  Application No. WQO0023896

Additional lnformation Request
UNC-CH Bingham Facility
Wastewater Frrigation System

Orange County
Dear Vice Chancellor Mann:

Central and Regional Aquifer Protection Section staff have completed their review of the application
package received August 18, 2011. However, additional information is required before the review may

be completed. Please address the items on the following pages no later than the close of business on
November 13,2011

Please be aware that you are responsible for meeting all requirements set forth in North Carolina rules and
regulations. Any oversights that occurred in the review of the subject application package are still the
Applicant’s responsibility. In addition, any omissions made in responding to the outstandmg items shall
result in future requests for additional information.

Please reference the subject application number when providing the requested information. All revised
and/or additional documentation shall be signed, sealed and dated, with three copies submitted fo my
attention at the address below. Please note that failure to provide this additional information on or before
the above requested date may result in your application being returned as incomplete.

If you have any questions regarding this request, please do not hesitate to contact me at (919) 715-6160.

Thank you for your cooperation.
Sincerely,  _
Va2
Nathaniel D. Thornburg

Environmental Engineer

cc: Matthew D. Fleahman, PG — Raleigh Regional Office, Aquifer Protection Section
Charles D. Riley, Jr., PE - McKim & Creed
Scott J. Frederick, LSS ~ Soil, Water & Environmental Group, PLLC
Edwin Andrews, PG, LSS — Edwin Andrews & Associates
Permit Application File WQU0023896

ACQUIFER PROTECTION SECTION
1636 Mall Service Center, Raleigh, North Camiing 27698-1636
Lacation: 2728 Capital Roulevard, Raleigh, Norh Caroling 27604

. ) One
Phone: 918-733-3221 VFAX 1: 918-715-0588; FAX 2: 197156048 \ Customer Service: 1-877-623-6748 :
internet: www.nowaterqualiiy.org NorthCarolina
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Soil Evaluation:

I

Table 1 on Page IV states that the irrigation shall be seasonal, however, Application Item VIL7. states
annual. Please amend for consistency.

Section 4.1 on Page 4 states that spray irrigation shall not occur within 25 feet of non-SA surface
waters. Per 15A NCAC 02T .0506(z), this setback shall be 100 feet. Please amend.

Section 5.2 on Page 8 makes note of having a Sodium Adsorption Ratio (SAR} of less than 10.
Please clarify whether or not excessive salts are anticipated to be in the effluent waste stream.

Page 10 of the soil evaluation recommends an annual loading rate of 8.2 in/yr, however, Application
Ttem VIL7. states that the recommended annual loading rate is 10.28 infyr. Please amend.

Per Application Instruction E and 15A NCAC 02T .0504(b)(4), provide a standard soil fertility
analysis for both the Georgeville and Herndon soil series.

Agronomist Report;

1. Please note that the agronomic calculations have not been verified by the Division because the
designed effluent concentrations in Application Item I{I.5. were not provided.

2. Pages 4 and 5 again make mention of the Sodium Adsorption Ratio (SAR), and recommends that the
SAR be analyzed. Accordingly, please clarify whether or not high salt concentrations will be present
in the effluent. ‘

Water Balance:

1. The submitted water balance was truncated during printing/copying. Accordingly, the Division is
unable to determine the temperature and precipitation data used, and therefore the water balance
calculations have not been verified. Please resubmit copies of the original water balance that include
all of the required data.

2. Please provide the top of berm surface areas for both of the wet weather storage basins.

3. Page 2-7 of Ed Andrew’s report indicates that runoff was used in the truncated water balance.

Please note that the Division respectfully disagrees with the proposed method of determining runoff
using a straight 20% runoff calculation, which is not representative of rainfall intensity or soil
surface infiltration rates. Therefore, if the Applicant intends to use runoff in the water balance
calculations, the following information will need to be submitted:

a. The Division recommends the following equation to determine runoff:

(P-028)
P+038S

, where R = runoff, P = precipitation and § = [laqgg-} -10

b. Daily precipitation data from a 30 year time span that is from the same source used in the 80®
percentile data in the water balance.
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Operation and Maintenance Plan:

I

Please note the final Operation and Maintenance Plans are not required to be submitted until the final
Engineering Certification is provided to the Division,

Per Application Instruction S and 15A NCAC (2T .0507, provide an Operation and Maintenance

(O&M) Plan for the wastewater treatment and irrigation system. At a minimum, the O&M Plan shall
include:

a. Describe the operation of the system in sufficient detail to show what operations are necessary for
the system to function and by whom the functions are to be conducted.

b. Describe anticipated maintenance of the system.
Include provisions for safety measures including restriction of access to the site and equipment.

d. Include spill control provisions such as response to upsets and bypasses including control,
containment and remediation, as well as contact information for plant personnel, emergency
responders and regulatory agencies.

Residuals Management Plan;

1. Please note that per 15A NCAC 02T .0504(j), the Applicant shall obtain a written commitment from a
permitted residuals disposal/utilization program and provide it to the Division prior to operation of
the permitted system.

General:

1. At the recommended annual loading rate of 8.2 in/yr, the proposed imrigation fields will be

hydraulically Joaded to the proposed permitted capacity, yet well below the assimilative capacity of
the soils. The Division is concerned that this design wiil not aliow for operational control of the
system, which could present possible future non-compliance. The Division requests that the
Applicant either reevaluate the annual loading rate capacity of the proposed irrigation area, or add
additional acreage to allow for greater flexibility when operating the system.

Please note that the recommended annual loading rate of 8.2 in/yr for Georgeville and Herndon soils
is far lower than typical recomimendations for these soils. In addition, the submitted water balance
uses a Kga7 reduction factor of 4%. Since the Kgar reduction factor may be in the range of 4 to 10%,
it has been the Division's experience that for well drained soils, such as Georgeville and Herndon, a
higher reduction factor is acceptable. Accordingly, the Division recommends that the Applicant
consider these facts if reevaluating their water balance.



State of North Carolina
Department of Environment and Natural Resources
Division of Water Quality

WASTEWATER IRRIGATION SYSTEMS APPLICATION
INSTRUCTIONS FOR FORM: WWIS 12-06

The Division of Water Quality (Division) will not accept this application package unless all the instructions are
followed. Plans, specifications and supporting documents shall be prepared in accordance with 15A NCAC 02T
0100, 15A NCAC 027 .0500 and good engineering practices. Failure to submit all of the required items will lead to
additional processing and review time for the permit application.

For more information, links to forms requested in this application, or for an electronic version of this form, visit the Land Application

Unit (LAU) web site at: http://portal nedenr.org/web/wa/aps/lou

A. Appl:catlon Form (All Application Packages)

Submit one (1) original and three (3) copies of the completed and appropriately executed applicatlon form. The instructions
{Pages 1 through 4) need not be submitted. Any content changes made to this form will result in the application package
being returned. The Division will only accept application packages that have been fully completed with all applicable items
addressed.

v If the Applicant is a corporation or company, it must be registered for business with the NC Secretary of State
(http://www .secretary.state.nc.us/Corporations/CSearch.aspx).

v" 1If the Applicant is a partnership, sole proprietorship, frade name, or d/b/a, enclose a copy of the ceriificate filed with the
Register of Deeds in the county of business.

v" The application must be signed appropriately in accordance with 15A NCAC 02T 0106(b). An alternate person may be
designated as the signing official, provided that a delegation letter is provided from a person who meets the referenced
criteria.

¥" The facility name on all forms should be consistent with the facility name on the plans, specifications, agreements, etc.

v If this project involves a modification of an existing irrigation system, submit four (4) copies of the most recently issued
existing permit.

¥ If this project is for a renewal without modification, please use the most recent FORM: NDWWSR, which can be
downloaded at: hitp://portal.ncdenr.org/web/wa/aps/law/applications#lrrigation.

Attachment (All New or Major Modification Application Packages).

¥" Submit a completed and properly executed Watershed Classification Attachment (FORM: WSCA), along with the 8.5" by
11" topographic map locating the facility, for each watershed within the facility location (including irrigation areas). The
most recent version of FORM: WSCA may be found at: hitp://portal.ncdenr.ore/web/wy/aps/lau/applications# Agreements.

Application Fee (All New or Major Modification Application Packages):
v" The appropriate application fee can be determined from the Division's fee schedule found at:
http://portal.nedenr.org/web/wg/aps/lav/fees.

v" Submit a check or money order in the appropriate amount made payable to: North Carolina Department of Environment and
Natural Resources (NCDENR).

Cover Letter (All Application Packages):

v" Submit one (1) original and three (3) copies of a cover leiter, which lists all items and attachments included in the application
package as well as a brief description of the requested permitting action.

v" If necessary for clarity, include attachments to the application. Such attachments will be considered part of the application
package and should be numbered to correspond to the section to which they refer.

Property Ownership Documentation (All New or Modification Application Packages involving new and/or relocated treatment
or irrigation components):
v Provide either:
v Legal documentation of the ownership (such as a contract, deed, article of incorporation, etc.) of the property, or
¥ Written notarized agreement signed by both parties indicating future purchase of the property by the permit applicant and
a plat or survey map showing the property, or
v Written notarized long term lease agreement signed by both parties and specifically indicating intended use of the
property and a plat or survey map showing the property addressed in the lease.

. Environmental Assessments (May be required if public lands and/or monies are used - See 15A NCAC 1C .0100 to .0400):
¥ Submit one (1) copy of the Findings of No Significant Impact (FONSI) or Environmental Impact Statement (EIS).
¥ Include information on any mitigating factor(s) from the Environmental Assessment (EA) that impact the design and/or
construction of the wastewater treatment and disposal system.

FORM: WWIS 12-06 ' Pagel
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G. Certificates of Public Convenience and Necessity (All New Application Packages if the applicant is a Privately-Owned Public
Uility per determination by the NC Utilities Commission: http://www.ncuc.commerce. state.ne us/):
v" Submit four (4) copies of the Certificate of Public Convenience and Necessity, which demonstrates that the public utility is
authorized to hold the utility franchise for the area to be served by the wastewater system.
v'If a Certificate of Public Convenience and Necessity has not been issued, provide four (4) copies of a letter from the NC
Utilities Commission’s Public Staff that states that an application for a franchise has been received, that the service area is
contiguous to an existing franchised area, and/or that franchise approval is expected,

H. Operational Agreements (All New Application Packages if the applicant is a Homeowners' Association, or a Developer and lots
are to be sold):

v" Submit one (1) original and three (3) copies of a properly executed operational agreement if the irrigation system will be
serving, or currently serves, residential or commercial lots that are to be sold. Appropriate forms can be downloaded at:
hitp://portal.nedent.org/web/wg/aps/law/applications# Agreements.

v If applicant is a HOMEOWNERS® ASSOCIATION, use the most recent version of FORM: HOA, and submit the following
information; articles of incorporation, bylaws, and current or proposed annual budget.

v If applicant is a DEVELOPER that intends to turn ownership and responsibility of ihe wasiewater system over to a
homeowners’ association, submit the most recent version of FORM: DEV,

I.  Analysis of Wastewater (All New Application Packages or Modifications that are not 100% Domestic Waste):

v Submit four (4) copies of a complete chemical analysis of the effluent wastewater including but not limited to the following
parameters: Total Organic Carbon, 5-day Biochemical Oxygen Demand (BODs), Chemical Oxygen Demand (COD), Nitrate
Nitrogen (NOs-N), Ammonia Nirogen (NHz-N), Total Kjeldahl Nitrogen (TKN), pH, Chioride, Total Phosphorus, Phenol,
Total Volatile Organic Compounds, Fecal Cofiform, Calcium, Sodium, Magnesium, Sodium Adsorption Ratio (SAR), Total
Trihalomethanes, Toxicity Test Parameters and Total Dissolved Solids in compliance with 15A NCAC 02T.0504(h)}.

v A laboratory certified by the Division shall perform all testing.

J.  Soil Evaluation (All New Application Packages or Modifications that include new irrigation sites):
v Submit four (4) copies of a detailed soil evaluation in accordance with 15A NCAC 02T .0504(b) and current Division Policy
available at: http://portal.ncdenr.org/web/wa/aps/law/policies.

K. Water Balance (All New Application Packages or Modifications that include new #rrigation sites):
v Submit four (4) copies of a completed and accurate water balance in accordance with 15A NCAC 02T .0504(k) and current
' Division Policy available at: hitp:/portal.ncdenr.org/web/wa/aps/lau/policies.

 Agronomist Evaluation (All New Application Packages or Modifications that include new irrigation sites or new cropping
patterns for existing irrigation sites):
¥ Submit four (4) copies of a detailed agronomist evaluation in accordance with 15A NCAC 02T .0504(i).

M. Hydrogeologic Report (All facilities treating industrial waste, and New Application Packages with Design Flows over 25,000
GPD or Modifications invelving increasing the total design flow to over 25,0600 GPD):
v Submit four (4) copies of a detailed hydrogeologic evaluation in accordance with 15A NCAC 02T .0504(e) and current
Division Policy available at; hitp:/portal.nedenr.org/web/wd/aps/lau/policies.

N. Detailed Plans (All New or Modification Application Packages):

v Submit four (4) sets of standard size plans and two (2) sets of 11" by 17" plans (electronic format is acceptable - Adobe PDF
only) that have been signed, sealed, and dated by a NC licensed Professional Engineer in accordance with 15A NCAC 02T
0504(c) and (d). For Modifications, submit plans specific to the modification(s) only.

v Plans must include the following minimum items:

v" A general location map, a vicinity map and a topographic map.

v Plan and profile views of all treatment/storage/disposal units, piping, valves, and equipment (i.e., pumps, blowers,
mixers, diffusers, flow meters, etc.) including dimensions and elevations of all treatment/storage/disposal units.

v" Hydraulic profile from the treatment plant headworks to the highest disposal point.

¥ Highest drip/spray irrigation nozzle/emitter, locations within the irrigation system of air releases and system drains,
locations within the irrigation system of all control valves, and other essential equipment.

v For automated spray/drip irrigation systems, the design must include equipment to prevent spray/drip irrigation during
precipitation events or when the soil is in a condition that the spray/drip irrigation wastewater could not be assimilated.

¥v" A map showing the entire irigation area with an overlay of the suitable irrigation area depicted by the soil scientist’s
evaluation. The irrigation plans shall show ¢ach nozzle/emitter and wetted area (when applicable). Clearly label
spray/drip irrigation zones as they will be operated.

v" Plans must depict a completed design and pot be labeled with preliminary phrases {e.g., FOR REVIEW ONLY, NOT
FOR CONSTRUCTION, eic.) that indicate that they are anything other than final plans. However, the plans may be
labeled with the phrase: FINAL DESIGN - NOT RELEASED FOR CONSTRUCTION.
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O. Site Map (All New or Modification Application Packages):
¥ Submit four (4) copies of a standard size site map and two (2) copies of an 11" by 17" site map (electronic format is
acceptable - Adobe PDF only) that have been signed, sealed, and dated by a NC licensed Professional Engineer and/or

Professional Land Surveyor in accordance with 13A NCAC 02T .0504(d). For Modifications, submit an updated site map

specific 1o the modification(s) only.

v The site map shall include the following minimum items:

¥ A scaled map of the site, with topographic contour intervals not exceeding 10 feet or 25 percent of total site relief and

showing all facility-related structures and fences within the treatment, storage and disposal areas.

¥" Soil mapping units shown on all disposal sites.

v" The location of all wells (including usage and construction details if available), streams (ephemeral, intermittent, and
perennial), springs, lakes, ponds, and other surface drainage features within S00 feet of all waste treatment, storage, and
disposal site(s).

Delineation of the review and compliance boundaries.

Setbacks as required by 15A NCAC 02T .0506.

Site property boundaries within 500 feet of all waste treatment, storage, and disposal site(s).

All habitable residences or places of public assembly within 500 feet of all waste treatment, storage, and disposal site(s).

P. Specifications (All New or Modification Application Packages):
v Submit four (4) sets of specifications that have been signed, sealed, and dated by a NC licensed Professional Engineer in
accordance with 15A NCAC 02T .0504(c). For Modifications, submit specifications specific to the modification(s) only.
v Specifications must include the following minimum items:

v Detailed specifications for each treatment/storage/disposal unit, piping, valves, equipment (i.e., pumps, blowers, mixers,
diffusers, flow meters, etc.), nozzles/emitters (if applicable), precipitation/soil moisture sensor (if applicabie),
audible/visual high water alarms, etc.

Site Work (i.¢., earthwork, clearing and grubbing, excavation and backfill, fencing, seeding, etc.)

Materials (i.e., concrete, masonry, steel, method of construction, etc.)

Mechanical and Electrical (i.e., control panels, transfer switches, generator, etc.)

Means for ensuring quality and integrity of the finished product including leakage and pressure testing.

Specifications must represent a completed design and not be labeled with preliminary phrases (e.g., FOR REVIEW
ONLY, NOT FOR CONSTRUCTION, etc.) that indicate that they are anything other than fimal specifications.

However, the specifications may be labeled with the phrase: FINAL DESIGN - NOT RELEASED FOR
CONSTRUCTION.

. Engineering Calculations (All New or Modification Application Packages):

v Submit four (4} copies of all design calculations that have been signed, sealed, and dated by a NC licensed Professional
Engineer in accordance with 15A NCAC 02T .0504(c). For Modifications, submit calculations specific to the
maodification(s) only.

v Calculations must include the following minimum items:

Hydraulic and pollutant loading calculations for each treatment unit (Note: “black box” calculations are unacceptabie).
Sizing criteria for each treatment unit and associated equipment.

Friction/total dynamic head calculations and system curve analysis for each pump used.

Pump selection information including pump curves. '

Manufacturer’s information for all packaged treatment units, pumps, blowers, mixers, diffusers, flow meters, etc.
Flotation calculations for all tanks construcied partially or entirely below grade.

Submit the selected drip/spray irrigation system information including manufacturer’s information and recommended
installation guidelines.

Irrigation pump capacity should consider reasonable operational control, address multiple zones of the irrigation system,
address variability of nozzie sizing as necessary, and include the ability to irrigate all areas in an appropriate amount of
time.

SNENENEN
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R. Reliability (Al} New or Major Modification Application Packages):
v Submit documentation of system reliability in accordance with 15A NCAC 02T .0505()).
v"  Ensure that the plans and specifications detail the generator, the automatic transfer switch, and how these items interact with
the system instrumentation/controls.

¥ All generators must be capable of powering all essential treatment units.

FORM: WWIS 12-06 Page 3



S. Operation and Maintenance Plan (All New or Major Modification Application Packages):

v

Submit four (4) copies of an operation and maintenance plan in accordance with 15A NCAC 02T 0507 that shall be
maintained for all systems and include at a minimum:

v Description of the operation of the system in sufficient detail to show what operations are necessary for the system to
function and by whom the functions are to be conducted.

Description of anticipated maintenance.

Include safety measures including restriction of access to the site and equipment.

Spill prevention provisions such as response to upsets and bypasses including how to control, contain and remediate.
Contact information for plant personnel, emergency responders and regulatory agencies.

RN NN

T. Residuals Management Plan (All New or Modification Application Packages that include new treatment systems or an
expansion of the treatment system):

v

v
v

Submit a detailed explanation describing how the residuals (including trash, sediment and grit) that are generated by the
wastewater treatment system will be stored, treated, and disposed, in accordance with 15A NCAC 02T .0504(3) and 15A
NCAC 02T .0508.

An evaluation of the residuals storage requirements for the treatment facility based upon the maximum anticipated residuals
production rate and ability to remove residuals.

A permit for residuals utilization or a written commitment to the Permittee of a Department approved residuals
disposal/utilization program accepting the residuals which demonstrates that the approved program has adequate capacity to
accept the residuals, or that an application for approval has been submitted

If oil or grease removal and collection is a designed unit process, please submit an oil/grease disposal plan.

If an on-site restaurant or other business with food preparation is contributing waste to this system an oil/grease disposal plan
will be necessary. Please note that operation and maintenance of all grease fraps will be the responsibility of the permittee.

U. General (All New or Modification Application Packages):
v

Please ensure that any systems within the Coastal Area as defined in 15A NCAC 2H .0400 meet all requirements required by
that Section.

Note that all designs and documentation must conform to all state and federal rules and regulations.

Note that if other approvals are necessary for the construction of these facilities (i.e. Wetlands, Stormwater, Dam Safety, etc)
the Division may hold approval of this application package to coordinate with other approvals.

Provide documentation of floodway compliance in accotdance with 15A NCAC 02T .0105(c)(8)

Sewers tributary to the subject facilities must be applied for separately from this application in accordance with the Surface
Water Protection Section’s requirements (http://portal ncdenr.org/web/wa/swp/ps/cs).

'FHE COMPLETED APPLICATION PACKAGE, INCLUDING ALL SUPPORTING INFORMATION AND MATERIALS,

SHOULD BE SENT TO THE FOLLOWING ADDRESS:

NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
DIVISION OF WATER QUALITY
AQUIFER PROTECTION SECTION

LAND APPLICATION UNIT
By U.S. Postal Service: By Courier/Special Delivery:
1636 MAIL SERVICE CENTER 2728 CAPITAL BOULEVARD
RALEIGH, NORTH CAROLINA 27699-1636 RALEIGH, NORTH CAROLINA 27604
TELEPHONE NUMBER: (919) 733-3221 FAX NUMBER: (919) 715-6048
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State of North Carolina
Department of Environment and Natural Resources
Division of Water Quality

WASTEWATER IRRIGATION SYSTEMS APPLICATION
FORM: WWIS 12-06

(THIS FORM MAY BE PHOTOCOPIED FOR USE AS AN ORIGINAL)
Application Number: {to be completed by DWQ)

. GENERAL INFORMATION:
1. Applicant's name (See Instruction A): The University of Neorth Carolina at Chapel Hill

Applicant type: [} Individual [_] Corporation {1 General Partnership {1 Privately Owned Public Utility
[ 1 Federal State [ Municipal ] County
Signature authority’s name: Richard L. Mann (per 154 NCAC 027 .0106)Title; Vice Chancellor Finance & Administration
Applicant’s mailing address: The University of North Carolina at Chapel Hill, CB#1000, 302A South Building
City: Chapel Hill State: NC Zip: 27599-1000
Telephone number: (919) 962-3795  Fax number: (919) 962-0647 Email Address: rlmann(@unc.edu
2. Facility name (name of the subdivision, shopping center, etc.): UNC-CH Bingham Facility

Facility’s physical address; 1907 Orange Chapel Clover Garden Road

City: Chapel Hill State: NC Zip: 27516- County: Qrange
Wastewater Treatment Facility: Latitude: 35° 54' 09" Longitude: -79° 14’ 18"  USGS Map Name: White Cross
3. Consulting Engineer’s name: Charles D. Riley, Jr. License Number: 013260 Firm: McKim & Creed

Engineer’s mailing address: McKim & Creed, Venture IV Building, Suite 500. 1730 Varsity Drive
City: Raleigh State: NC Zip: 27606~
Telephone number: (919) 233-8091 Fax number: (919)233-8031 Email Address: crilev@mckimcereed.com

4. Consulting Soil Scientist’s name: Scott 4. Frederick License Number: 1236 Firm: Sgil, Water. & Environment Group,
PLLC

Soil Scigntist’s mailing address: 3216 Byers Drive, Suite B
City: Raleigh  State: NC Zip: 27607
Telephone number: {(919) 831-1234  Fax number: (919) 899-9100 Email Address: sifredericki@swegip.com

5. Consulting Geologist’s name: Edwin_Andrews License Number: G-224 Firm: Edwin Andrews & Associafes

Geologist’s mailing address: PO Box 30653

City: Raleigh State: NC Zip: 27622~
Telephone number: (919) 851-7844 Fax number: (919) 851-6058 Email Address: andwater@aol.com
6. Consulting Agronomist’s name: Scott J, Frederick Firm: Soil, Water, & Environment Group, PLLC

Agronomist’s mailing address: 3216 Byers Drive, Suite B
City: Raleigh  State: NC Zip: 27606-3601
Telephone number; (919) 831-1234  Fax number: (919) 899-9100 Email Address: sifrederick@swegrp.com
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IIl. PERMIT INFORMATION:
1. Projectis: [] New iE Major Modification [I:f Minor Modification

2. Fee submitted: $245.00 (See Instruction C)_—’ Existing Permit No.: WQ0023896, issue date: February 12, 2007
3. Facility status: D Existing ] Proposed

Was this system approved for reclaimed disposal under 15A NCAC 2H .02159(k)? [ ] Yes or [X] No
4. Does this project utilize: [X] public funds and/or [_] private funds; {X] public lands and/or {_| private lands

What is the status of the following appropriate permits/certifications?

Permit/Certification Submitted Approved Permit/C{::iﬁcation Agency Reviewer
2‘:’:&‘;‘; I‘f"ia?fdime“taﬁ"“ 6-2-11 6-17-11 ORANG-2011-010 DLQ
Nationwide 12 or 404 N/A N/A N/A N/A
Wetlands 401 N/A N/A N/A N/A
prommwater Management 3/25/11 9/19/11 SW5110901 DWQ

Dam Safety N/A N/A N/A N/A
Sewer System N/A N/A ‘ N/A N/A
Other:

. 6. Does the project comply with all setbacks found in the river basin rules (15A NCAC 2B .0200)? [ Yes or [_] No
If no, list non-compliant setbacks:
7. Ts the project in a Coastal Area as defined per 15A NCAC 2H .0403? [ Yes or [X] No
If yes, verify that the facility will comply with the following requirements in 15A NCAC 2H .404(g) as applicable:
v 1s aerated flow equalization of at least 25% average daily flow provided? [ | Yes or{ | No
How will noise and odor be controlled?
Are all essential treatment units provided in duplicate? [_] Yes or [_] No
Is there an impounded public surface water supply within 500 feet of the wetted area? ] Yes or [_] No
Is there a public shallow ground water supply (less than 50 feet deep) within 500 feet of the facility? ] Yes or [_] No
Is the disposal loading rate greater than 10 gallons per day per square foot (GPD/fi®)? ] Yes or [_] No

How much green area is provided? square feet (ftY)

A N N Y N

Is the green area shown on the plans? [_] Yes or [_] No
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III. INFORMATION ON WASTEWATER GENERATION:
1. What is the origin of the wastewater (i.e., school, subdivision, hospital, municipality, shopping center, industry, apartments,

condominiums, etc.)? The UNC-CH Bingham Facility is an anirnal research facility that hag historically housed canines for

medical research as well as other animals thai were occasionaily held at the Bingham Facility for a limited time. As a result.

the wastewater treated onsite was a combination of domestic wastewater from emplovees and anima] wastewater, Currently.

the Bingham Facility is being re-purposed as a dry-bedding animal holding facility and will initially house caged rodents.

However, larger animals may also be housed at the facility under the condition that all liguid and solid waste will be captured

via disposable drv bedding such that none of the animal waste will be discharged 1o the on-site sewer system. With the re-

purposing of the facility as a dry bedding animal holding facility, the primary sources of wastewater penerated at the facility

will be from personnel working at the facility: therefore, the wastewater will be typical domestic strenpth wastewater.

Wastewater sources include toilets, dishwasher, laundry washers, and showers. Other sources include wash water from an

animal cage washer. holding room washdown water, wet lab sinks, spent brine from small softener svstems, and small

amounts of boiler blow-down water.

2. Volume of wastewater flow for this project: 3.556 gallons per day (GPD)
3.  Explanation of how wastewater flow was determined (154 NCAC 02T .0114(c)): This is the permitted flow for the existing

domestic wastewater treatment and disposal system.

Table 1 - Composite & Design Wastewater Characterization

Wastewater Source Qty  UnitFlow Totai Flow BOD 155 TKN TP

(GPD) (GPD) (mg/hy  (mg/l)  (mg/h) (mg/)

People 15 35 525 250 180 40 7
Dishwasher 1 375 375 200 50 40 7
Laundry Washer 2 500 1000 200 50 40 7
Cage Washer 1 140 140 20 20 10 7
Wet Lab 2 200 400 200 50 40 7
Softener Brine 2 80 160 25 30 50 7
Boiler Blow-down 2 25 50 50 40 50 7
Calculated Composite 2,650 187 73 39 7

Design 3,556 250 200 40 7

BOD - Biochemical Oxygen Demand, TSS - Total Suspended Solids, TKN ~ Total Kjeldahl Nitrogen, TP — Total Phosphorus

4, Nature of wastewater: X} 100% Domestic Waste (residential, commercial, etc)
] 100% Industrial

1 Combination of Industrial and Domestic Waste: % Domestic % Industrial

[_] Municipal waste (town, city, etc.)
Is there a Pretreatment Program in effect? [ ] Yes or [ | No
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5.  Wastewater characteristics (See 154 NCAC 02T .0505(b)):

Parameter Estimated Influent Concentration DESigni‘:nEoflﬂt;;; ;g;:;:;ltration
Biochemical Oxygen Demand (BOD;) 250 mg/1 10 mg/l

Total Suspended Solids (TSS) 200 mg/1 10mg/A

Ammonia Nitrogen (NH;-N) 25 mg/l 15 mg/l

Nitrate Nitrogen (NO3-N) 0 mg/i 10 mg/1

Nitrite Nitrogen (NO»-N) 0 mg/ 0 mg/l

Total Nitrogen 40 mg/t 25 mg/l

Total Phosphorus 7 mg/l 5 mg/l
;l"g:afggjfighgsl)l\%mogen 15 mg/l

Fecal Coliforms 200 per 100 ml

GENERAL PROJECT INFORMATION:

1. Brief project description: The UNC Bingham Facility is an animal research facility that has historicallv housed canines for

use in medical research as well as other large & small animals that were occasionally held at the Facility for a limited time.

Currently. the Bingham Facility is being re-purposed as a dry-bedding animal holding facility and wili initially house caged
rodents. However, larger animals may also be housed at the facility wnder the condition that all liguid and solid waste will

be captured via disposable dry bedding such thai none of the animal waste will be discharged to the on-site sewer svstem,

With the re-purposing of the facility as a dry bedding apimal holding facility, the primary sources of wastewater generated
at the re-purposed facility will be from personnel working af the facility. Other sources include wash water from a new
animal cage washer, holding room washdown water, wet Jab sinks, spent bring from small softener systems, and small
amounts of boiler blow-down water.

2. This modification includes the following wastewater systern improvements:

a. Gravity sewer collection system improvements to deliver raw wastewater generated from all three existing buildings

1o the existing 8.000 gallon domestic wastewater septic tank. The effluent from the septic {ank will be pumped via

the existing pump station to the existing 3.556 GPD AdvanTex domestic wastewater treatment facility.

b. Refurbish the existing AdvanTex domestic wastewater freatment facility to provide secondary treatment in

accordance with 15A NCAC 02T 0300 rules and regulations for wastewater irrigation systems. The existing

ultraviolet disinfection system will be removed and replaced with a chlorine contact tank and chlorine chemical feed

systern to meet diginfection requirements.
c. A new secondary effluent pump station will be constructed to pump effluent from the treatment facility to the wet

weather storage basin via the existing 3 inch PVC forcemain.

d. The existing “animal’” wastewater treatment system effluent upset storage basin, located adjacent to the AdvanTex

facility, will be refurbished as an emergency 125,000 gallon effluent storage basin which ¢an be used as

supplemental wet weather storage. The effluent storage lagoon will be interconnected with the proposed secondary

effluent pump station to pump effluent from the basin to the wet weather storage basin.
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e. The existing 1.6 MG wet weather storage basin will be reconstructed to repair the structuraily unstable earthen

embankments and reconfigured for a wet weather storage capacity of 1.12 million gallons. The basin will be
constructed with a cement stabilized compacted clay Hner to replace the existing damaged synthetic liner.

f. The existing irrigation pump station will be refurbished with new irrigation pumps, piping, valves, and electrical

equipment to pump to the new spray irrigation system,
g. Construct a new low-rate secondary effluent spray irrigation system consisting of four (4) separate spray jrrigation

zones with a total of approximately 5.72 acres of irrigation area, The spray irrigation system will be desipned for

dispersal of 3.556 GPD of secondary effluent,

3. Inaccordance with 15A NCAC 02T .0506, provide the minimum distance in feet from the facility’s irrigation system and

treatment/storage units to each parameter (distances greater than 500 feet may be marked N/A):

Setback Parameter Irrigation System Treatmltjazgftorage
Any habitable residence or place of assembly under separate ownership or not . »
s S 406 320
to be maintained as part of the project site
Any habitable residence or place of assembly owned by the permiitee to be ,
: o - 201
maintained as part of the project site
Any private or public water supply source 250
Surface waters (streams — intermittent and perennial, perennial waterbodies, 100°
and wetlands)
Groundwater lowering ditches {where the bottom of the ditch intersects the
N/A
SHWT)
Subsurface groundwater lowering drainage systems N/A
Surface water diversions (ephemeral streams, waterways, ditches) 1007
Any well with exception of monitoring welis 250° 32y
Any property line 150° 50°
Top of slope of embankments or cuts of two feet or more in vertical height N/A
Any water line from a disposal system 60’
Any swimming pool N/A
Public right of way 150°
Nitrification field N/A
Any building foundation or basement 120
Impounded public water supplies N/A
Public shallow groundwater supply (less than 50 feet deep) N/A
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v Does the Applicant intend on complying with 15A NCAC 02T .0506(c)? [_] Yes or [X] No
If yes, complete the following table:

Estimated Influent Designed Effluent Designed Effluent

Parameter Concentration Concentration Concentration
ce 0 (monthly average) (daily maximum)

Biochemical Oxygen Demand
(BOD:) mg/1 mg/l mg/]
Total Suspended Solids (TSS) mg/l mg/i mg/l
Ammonia Nitrogen (NH;-N) mg/1 mg/i
Nitrate Nitrogen (NO3;-N) mg/l mg/i
Fecal Coliforms per 100 ml per 100 ml

Turbidity

.NTUs

v"  If any setback is not met, how will the project provide equal or better protection of the Waters of the State with no

increased potential for health concerns or nuisance conditions?

4. The treatment and disposal facilities must be secured to prevent unauthorized entry. Details and notations of resfricted

access measures shall be shown on submitted plans and specifications. Briefly describe the measures being taken in

accordance with 15A NCAC 02T .0505(g): The system is secured by perimeter fencing with locked access gate.
5. What is the 100-year flood elevation? N/A. Source
v Are any treatment units or wetted areas located within the 100-year flood plain? [1 Yes or [X] No

If yes, briefly describe which treatment units and/or irrigation areas are affected:

protect them against flooding:

——ie?

and the measures being taken to

If yes, does the Applicant have documentation of compliance with §143 Article 21 Part 67 [_] Yes or [ ] No

6. Method to provide system reliability per 15A NCAC 027 ,0505(1) (See Instruction R): The existing treatment system’s

standby power generator and automatic transfer switch is adecuate fo provide emergency power to the wastewater

treatment and disposal system.

7.  What is the specified method of disinfection? Chlorination using liquid sodivm hypochlorite

v H chlorine, specify detention time provided: 50 minutes (30 minutes minimum required). Please indicate in what part of

the wastewater system chlorine contact time occurs (i.e. chlorine contact chamber): Chlorine Contact Chamber

v" If ultraviolet (U'V), specify the number of banks: , total lamps:

and maximum capacity: Epim.

8. How many days of residuals storage are provided (15A NCAC 02T .0505(0))? No residuals storage is required for the

proposed AdvanTex system. The septic tank will require pumnping every 3 to 5 years to remove solids.
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V. DESIGN INFORMATION FOR NEW OR MODIFIED PORTIONS OF THE WASTEWATER TREATMENT FACILITY
1. Type of treatment system {fixed film, suspended growth, etc): Refurbish existing AdvanTex filter system.

2. Provide the number and dimensions of each treatment unit, and provide their location in the specifications and plans. Han

item is not applicable, do not fill in the requested information:

a. PRELIMINARY TREATMENT (i.e., physical operations such as large solids screening and equalization to remove
problem characteristics such as abrasive grit and clogging rags, as well as to dampen high flows):
. Number Manufacturer | Dimensions (ft) Volume Plan Sheet | Specification
Treatment Unit X ; . h
of Units or Material / Spacings (in)} (gallons) Number Pape Number
Select
Select
Select
Select
b. PRIMARY TREATMENT (i.e., physical operations such as fine screening and sedimentation to remove floating and
settable solids):
" Treatment Unit Number Manufacturer D";]Sen;:;:s s(ﬁ) Volume Plan Sheet Specification
of Units or Material (pmm)g {gallons) Number Page Number
Existing Primary Existing-
Settling Chamber one Unkno \%n 10° x 207 8,000 C04,C09 11100
{Septic Tank)
Septic Tank Existing . s
Effluent Lift Station one Unknown 6’ ID x 10°deep 2,100 €04, CO9 11100
¢. SECONDARY /TERTIARY TREATMENT (i.e., biological and chemical processes to remove organics and nutrients)
Specification
Treatment Unit Numi}.er Manufactt{rer Dimensions (f6) Volume Plan Sheet Page
of Units or Material (gallons) Number
Number
Textile Fabric Orenco T x15x 4
Packed Bed Filter two AdvanTex deep 3,150 ea CO4,C09 11100
Packed Bed s 'y €2
Recirculation Blend | one Orenco 7x12'x6 4,000 04,09 11100
P . AdvanTex deep
ump Station
Select
Select
Select
Select
Select
Select
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d. DISINFECTION

Treatment Unit Number of | Manufacturer Dimensions (ft) Volume Plan Sheet | Specification
Units or Material (gailons) Number | Page Number
. Pre-Cast
Ch"’”;;g{"“m“ 1 Concrete Tank 6x4'x4 | 525 gallons M1 03420
w/ Baffle Walls
Double Wall . .
. High Density \ ,
Containment 1 Crosslinked SOXL3 s5gallons | MOl 11232
Chemical Storage Polvethy] Overall Height
Tank olyethylene
Select
e. RESIDUAL TREATMENT
; Number Manufacturer . . Volume Plan Sheet | Specification
TreatmentUnit | oryrits | or Material | Dioensions () | o onong) | Number | Page Number
Select
Select
Select
f. PUMPS
. Number Manufacturer Capacity Plan Sheet : Spec. Page
Location of Pumps Purpose ! Type GPM TDH Number Number
Sodiuvm
Chemical Hypochlorite Positive
Feed Area 2 Chemical Displacement 7.1 GPH 100 psi MO1 11232
Metering Peristaltic
Pumps
Efftuent
Transfer from Non-Clog
Effluent )
Treatment Submersible 52 ft.
P“*!‘P 2 Areato Wet Wastewater 80 GPM TDH Mo2 11310
Station
Weather Pumps
Storage Basin
Spray Sora Zone 1: 155 GPM 104 fi.
Irrigation 2 Irripat?on Submersible | Zone 2: 158 GPM 104 . MO3 11315
Pump Syste x%; Pummios Well Pumps | Zone 3: 155 GPM 104 ft.
Station Y P Zone4: 108 GPM | 104 ft.
g. BLOWERS
. No. of . Manufacturer / Capacity | Plan Sheet | Specification
Location Blowers | UMits Served Type (CFM) | Number | Page Number
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h. MIXERS

Location No. of Units Served Manufacturer / Power Plan Sheet | Specification
Mixers Type (hp) Number | Page Number
f. RECORDING DEVICES & RELIABILITY
. Number Maximum . Plan Sheet | Specification
Device of Units Capacity Manufacturer Location Number Page Number
Existing Effluent Existin Follows
Flow Meter one 6,000 gpd U nlmovfn chlorine C09 11100
(Parshall Flume) contact tank
Select
Select
Select
Select
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V1. DESIGN INFORMATION FOR STORAGE IMPOUNDMENTS

L.
2.

Provide the number of earthen impoundments in the system: 2

Are any impoundments designed to receive adjacent surface runoff? [[] Yes or [X] No

1f Yes, please specify which impoundment:

Are impoundment(s) designed to include a discharge point (pipe, emergency spillway, etc)? [ ] Yes or [ No

and the drainage area: fi%.

Provide the design measures proposed for impoundment liner protection from wind driven wave action: Basing are proposed

to be refurbished by removing existing plastic liners, reconstructing embankments. re-grading side slopes. and installing

compacted cement stabilized clay liners. The cement stabilized soil laver consists of a ratio of 4% cement to soil and is

placed over the compacted clay liner.

Provide the location of each design element in the specifications and engineering plans for each storage unit:

Storage Impoundment: Plan Sheet | Specification
Effluent Storage Lagoon Number Page Number
H ]

Liner material (154 NCAC 02T .0505(e) and (§)? - =Synthetic Clay cit 02210
Liner installation and testing requirements €10, Ci1- 02210
Inside berm surface dimensions (I. x W x H) 75 ft X 291 Ci0 -
Bottom dimensions (L x W) 48 fi 41 C10 -
Embankment side slope 3:1 Cl1 -
Mean seasonal high water table depth * > 6 ft. BLS - -
Finished grade elevation 485 fi Cl10 -
Depth from bottom to top of embankment 9fi C10 & C11 -
Total volume - 207,267 gallons C10 ADV-1
Design freeboard 21t CHo&Cll -
Depth of minimum liquid level (above permanent

E Oft Ci11 -
liguid level)
Effective volume provided ** - i 125,724 gallons C10 -
Effective storage time provided 35 days Cio

*

NOTE: The liner shall be protected from impacts of the seasonal high water table as necessary.
** NOTE: The storage volume should be calculated between the top of any permanent liguid level (as indicated by outlet
pipe) and maximum allowable liquid level in the impoundment.
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Storage Impoundment: Plan Sheet | Specification
Wet Weather Storage Basin Number | Page Number
: o

Liner material (15A NCAC 02T .0505(¢) and (£))? % Synthetic Clay C12 02210
Liner installation and testing requirements Ci2 02210
Inside berm surface dimensions (L x W x H) 110 ft X 41 f Ci2 -
Bottom dimensions (L. x W) 90 ft 90 ft Cil2 -
Embankment side slope 3 C12 -
Mean seasonal high water table depth * > 6 f. BLS - -
Finished grade elevation 495 ft Ci2 -
Depth from bottom to top of embankment 125 % C12 -
Total volume - 1,471,050 gallons Ci2 ADV-1
Design freeboard 2fi Ciz “
Depth of minimum liquid level {above permanent

L x 0fi C12 -
liquid level)
Effective volume provided ** - f 1,122,440 gallons C12 -
Effective storage time provided 315 days Ci2

*

NOTE: The liner shall be protected from impacts of the seasonal high water table as necessary.

** NOTE: The storage volume should be calculated between the top of any permanent liquid level (as indicated by outlet
pipe) and maximum allowable liquid level in the impoundment.
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VIL

1. The irrigation system is: <] Spray

2. Disposal system is: [_] existing

DESIGN INFORMATION FOR IRRIGATION SYSTEM

U prip

&4 proposed.

3. If applicable, provide the location of each design element in the specifications and engineering plans:

Irrigaticn Pump Tapk P;?:ﬂ?;‘::t sgge:ilgi?;il:);
Internal dimensions (L x W x Hor ¢ x H) - 4ftg 16.5fi M0O3 -

Total volume 200 t* 1,495 gallons | C12 & MO03 -
Dosing volume ft* gallons

Audible & visual alarms E04 & E07 11950
Equipment to prevent irfigation during rain evenis E04 & EG7 11950

4. List any equipment (note sheet number of the plans or page number in the specifications) not specifically mentioned above

(pump hoist, odor control equipment, etc.):

« Intake Screen w/ Air Backpulse

i

Drawing C12, Specification Section 11335

e [Irrigation Controller

—  Drawing E04 & E07, Specification Section 11950

¢  Zone Conirol Valves

— _ Drawing C13, Specification Section 11950

»  Impact Spray Heads

- Drawing C13, Specification Section 11950

5. Minimum depth to mean seasonal high water table within irrigation field(s) per Soil Scientist's Evaluation: > 6 feet below

ground surface. Must be at least one-foot vertical separation between SHWT and ground surface per 15A NCAC 02T

0505(p).

6. Are there any artificial drainage or water movement structures within 200 feet of any irrigation area? [ ] Yes or X} No

If Yes, please explain if the soil scientist report addresses artificial structures and please indicate if structures are to be

maintained or modified:

7. Loading rates recommended by the Soil Scientist Evaluation:

Soi ] Fields within Recommended Loading | Recommended Loading Loading “ Se:i':: b
0fl Series . Rate Rate .
Soil Area . . Recommended | appropriate
{in/hr) {infyr) months
SAl - 12.3.4 0.1 in per dose; 0.21 10.92 Annual
Georgeville P inch / week avg.; ) [ ] Seasonat
0.1 in. / dose; 0.21 in./ Annual
SA2 - Herndon 1.2,3,4 week ave, 10.92 "] Seasonal
] Annual
7] Seasonal
{1 Annual
"] Seasonal
1 Annual
[ ] Seasonal

8. Design loading rates are equal or less than the loading rates recommended by Soil Scientist? [X] Yes or [[] No

If No, explain why 15A NCAC 027 .0505(n) is not met:
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9. Provide the following location information for the approximate center of each irrigation field / zone:

Field / Zone Latitade Longitude
1 35° 547 1629 "N 79 ° 14 3052"W
2 35° 54" 1546 " N 79° 14’ 26.15" W
3 35° 54 1383 "N 79° 14’ 2679 "W
4 35° 54" 1203 "N 79 ° 14’ 2871 "W

¥ Level of accuracy? Seconds

¥v" Method of measurement? MAP

I ¥ Dawum?NAD 83
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10. Trrigation Design (fill in the appropriate information for either a spray or drip irrigation system):

a. Spray Irrigation:

Fiid Zone | Do aren (10 | Nt | Moo Tt | Dovy v ek
1 66,647 43 0.22 in/hr at 0.1 inch dose 10.92
2 67,518 44 0.22 in/hr at 0.1 inch dose 10.92
3 67,518 43 0.22 invhr at 0.1 inch dose 10.92
4 47,480 30 0.22 in/hr at 0.1 inch dose 10.92
Total 249,163 160

Spray Irrigation Design Element Pﬁ: n?;z::t ?gggﬁﬁﬁg’;
Wetted diameter of nozzles 80 fi Cl13 11950
Wetted area of nozzles 5,027 f? C13 -
Nozzle capacity 3.6 gpm - 11950
Nozzle manufacturer / model Rain Bird / 25BPJ-ADJ - -
Elevation of highest nozzle 51875 fi C13 -

b. Drip Irrigation:

Number of Maximum Irrigation Design Annual Loading

- d 2
Field/Zone | Design Area (ft) Emitters Precipitation Rate (in/hr) Rate (in/yr)

Total

Drip Irrigation Design Element P;?:I:s::t lgsge:ilgic;t:l?;‘
Wetted area of emitters ft*

Distance between laterals ft

Distance between emitters ft

Emitter capacity gpm

Emitter manufacturer / model /

Elevation of highest emitter ft
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11. Cover crop information;
Use the Nutrient Management in North Carolina’s Realistic Yield Expectations webpage

(hitp://www.soil nesu.edw/nmp/nenmwe/vields/index.php#county) to determine the PAN (lbs/acre) and Phosphorus removal

{lbs/acre) rates for each cover crop.

See Agronomist Report for more detailed discussion.

Caver Crop Soil Series % Slope Nitmge(?bi;,;’:;;al Rate Phtzg:lgaz;;}::x;wal
Fescue SAl - Georgeville 2-6% 136 51
Coastal Bermuda SAl - Georgeville 2-6% 159 46
Forest SA1 - Georgeville 2-6% 150+ 40+
Fescue SA2 - Herndon 2-6% 174 63
Coastal Bermuda SAZ - Herndon 2-6% 213 58
Forest SA2 - Herndon 2-6% 150+~ 40+

Proposed mineralization rate: 40% and volatilization rate: 30%

Irrigation area based upon the nitrogen balance:

« SAIl Fescue —_ 70,595 &
» SAIl Coastal Bermuda — 60,383 fi’
« SAIl Forest —__64.006 fi®
e  SA2 Fescue - 29,581 f
» SA2 Coastal Bermuda — 27,220 ft*
e SA2 Forest — 38653 ft

Irrigation area based upon the phosphorus balance:

» SAI Fescue ~__37.650 &
»  SAl Coastal Bermuda — 41,743
« SAl Forest ~ 48,004
» SA2 Fescue — 24158 %
o SA2 Coastal Bermuda — 19,993 #*
e SA2 Forest —_ 28990 f?

v Irrigation area based upon the water balance: 249,163 ft*

v Site is: {X] hydraulically limited [1 nutrient limited
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Professional Engineer's Certification:

I, Kevin C. Eberle , attest that this application for UNC-CH Bingham Facility Wastewater
\provements Wastewater Surface Irrigation Major Modification has been reviewed by me and is accurate, complete and consistent
{h the information supplied in the engineering plans, calculations, and all other supporting documentation to the best of my

knowledge. I further attest that to the best of my knowledge the proposed design has been prepared in accordance with this

application package and its instructions as well as all applicable regulations and statutes. Although other professionals may have
developed certain portions of this submittal package, inclusion of these materials under my signature and seal signifies that I have
reviewed this material and have judged it to be consistent with the proposed design. Note: In accordance with NC General Statutes
143-215.6A and 143-215.6B, any person who knowingly makes any false statement, representation, or certification in any application
package shall be guilty of a Class 2 misdemeanor, which may include a fine not to exceed $10,000 as well as civil penalties up to
$25,000 per violation.

North Carolina Professional Engineer's seal, signature, and date:

.&e_ % %
625733 § %

oy, afy, &
SR

Applicant's Certification (signing authority must be in compliance with 154 NCAC 02T .0106(h)):

I,?\\C/L;M& L. Mmatu Vice Chameslloe {N,nlw\mwa wond Aduduisive iy,

(Signing Authority Name} (Title)

attest that this application for ‘Wastewater Infrastructure System Improvements for the UNC-CH Bingham Facili
(Facility Name)

has been reviewed by me and is accurate and complete to the best of my knowledge. Tunderstand that any discharge of wastewater
from this non-discharge system to surface waters or the land will result in an immediate enforcement action that may include civil
penalties, injunctive relief, and/or criminal prosecution. I will make no claim against the Division of Water Quality should a condition
of this permit be violated. I also understand that if all required parts of this application package are not completed and that if ali
required supporting information and attachments are not included, this application package will be returned to me as incomplete. I
further certify that the applicant or any affiliate has not been convicted of an environmental crime, has not abandoned a wastewater
facility without proper closure, does not have an outstanding civil penalty where all appeals bave been exhausted or abandoned, are
compliant with any active compliance schedule, and do not have any overdue annual fees under Rule 2T .0105. Note: In accordance
with NC General Statutes 143-215.6A and 143-215.6B, any person who knowingly makes any false statement, representation, or
certification in any application package shall be guilty of a Class 2 misdemeanor, which may include a fine not to exceed $10,000 as
well as civil penalties up to $25,000 per violation.

Signature: \CUWV\ m @’L Date: _ 1 ]‘1 \ \l 1 \

i ddan) (. Wét;w\
Ve Clasund iy (ﬁ/%nmwi
Q’J/WV?AEQ(V&»{\‘M
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NCDENR

North Carclina Department of Environment and Natural Resources
Division of Water Quality

Beverly Eaves Perdue Coleen M. Sullins Dee Freeman
Governor Director Secretary

September 19, 2011

Sharon Myers,

Environmental and Stormwater Compliance Officer
1120 Estes Drive Extension UB #1650

Chapel Hill, North Carolina 275%9-1650

Subject: Stormwater Permit No. SW511090!
The University of North Carolina at Chapel Hill, Bingham Facility
Low Densgity Stormwater Project
Orange County

Dear Mr. Myers:

The Stormwater Permitting Unit received a complete Stormwater Management Permit Application for
The University of North Carolina at Chapel Hill, Bingham Facility on September 9, 2011. Staff
review of the plans and specifications has determined that the project, as proposed, will comply with
the Stormwater Regulations set forth in Title 15A NCAC 2H.1000 and Session Law 2006-246. We are
forwarding Permit No. SW5110901, dated September 19, 201, for the construction, operation and
maintenance of the subject project.

This permit shall be effective from the date of issuance until rescinded and shall be subject to the
conditions and limitations as specified therein, and does not supercede any other agency permit that
may be required.

If any parts, requirements, or limitations contained in this permit are unacceptable, you have the right
to request an adjudicatory hearing upon written request within thirty (30} days following receipt of this
permit, This request must be in the form of a written petition, conforming to Chapter 150B of the
North Carolina General Statutes, and filed with the Office of Administrative Hearings, P.O. Drawer
27447, Raleigh, NC 27611-7447. Unless such demands are made this permit shall be final and
binding.

If you have any questions, or need additional information concerning this matter, please contact Mike
Randall at (919) 807-6374, or mike.randati@ncdenr.gov.

Sincerely,

Sfor Caoleen H. Sullins

ce: Raleigh Regional Office
SPU Files

Wetlands and Stormwater Branch

1617 Mail Service Genter, Raleigh, MNorth Carolina 276981617 N%Ii?thCamhna

Location: 512 N. Salisbury St. Raleigh, North Carolina 27804

Phone: 19-807-6300 | FAX: $19-807-6494 \ Custorner Service: 1-877-623-6748 Wﬂfi{ﬂf y

Internet; weww.newaterquality.org
A Bauat Opporunity \ Afirmative Action Employer
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State Storrmwater Permit

Permit No.SW5110801
STATE OF NORTH CAROLINA
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
DIVISION OF WATER QUALITY

STATE STORMWATER MANAGEMENT PERMIT
LOW DENSITY DEVELOPMENT

in accordance with the provisions of Article 21 of Chapter 143, General Statutes of
North Carolina as amended, and other applicable Laws, Rules and Regulations

PERMISSION 1S HEREBY GRANTED TO
The University of North Carolina at Chapel Hill
Bingham Facility
Orange County

FOR THE

construction, operation and maintenance of a low density development in compliance
with the provisions of 15A NCAC 2H .1000 and S.L. 2006-246 (hereafter referred to as
the "stormwater rufes”) and the approved stormwater management plans and
specifications, and other supporting data as attached and on file with and approved by
the Division of Water Quality and considered a part of this permit.

The Permit shall be effective from the date of issuance until rescinded and shall be
subject to the following specific conditions and limitations:

I. DESIGN STANDARDS
. This permit covers the construction of 154,696 square feet of buiit-upon area.
2. The overall tract built-upon area percentage for the project must be maintained

below 24%, as required by Session Law 2006-246 of the stormwater rules.

3. Approved plans and specifications for projects covered by this permit are
incorporated by reference and are enforceable parts of the permit.

4. The only runoff conveyance systems allowed will be vegetated conveyances
such as swales with minimum side stopes of 3:1 (H:V) as defined in the
stormwater rules and approved by the Division.

5. No piping is allowed except that minimum amount hecessary to direct runoff
beneath an impervious surface such as a road or to provide access.

6. All roof drains must terminate at least 30 foot from the mean high water mark.

7. The built-upon areas associated with this project shall be focated at least 30 feet

landward of all perennial and intermittent streams.

8. Level Spreaders are required at the end of any swale prior to discharging to a
jurisdictional wetland or any surface water.
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State Stormwater Permit
Permit No.SW5110801

li. SCHEDULE OF COMPLIANCE

1.

The permittee is responsible for verifying that the proposed built-upon area does
not exceed the allowable built-upon area.

The Director may notify the permittee when the permitted site does not meet one
or more of the minimum requirements of the permit. Within the time frame
specified in the notice, the permittee shall submit a written time schedule to the
Director for modifying the site to meet minimum requirements. The permiltee
shall provide copies of revised plans and certification in writing to the Director
that the changes have been made.

This project may not be sold or subdivided in whole or in part without first
receiving a permit modification from the Division.

The following deed restrictions must be recorded with the Office of the Register
of Deeds:

a. The following covenants are intended to ensure ongoing compliance with
State Stormwater Management Permit Number SW5110901, as issued by
the Division of Water Quality under the stormwater rules.

b. The State of North Carolina is made a beneficiary of these covenants to
the extent necessary to maintain compliance with the Stormwater
Management Permit.

C. These covenants are to run with the land and be binding on all persons
and parties claiming under them.
d. The covenants pertaining to stormwater may not be altered or rescinded

without the express written consent of the State of North Carolina,
Division of Water Quality.

e. Alteration of the drainage as shown on the approved plans may not take
place without the concurrence of the Division of Water Quality.
f. This project is permitted for a maximum of 154,696 square feet of built-

upon area, Construction of additional built-upon area in excess of this
amount will require a permit modification.

g. This project may not be sold or subdivided, in whole or in part, without first
receiving a permit medification from the Division.

Construction of additional impervious areas such that low-density
requirements are no longer met will require a permit modification prior to
construction. An engineered system will be required to collect and treat
the runoff from all built-upon area associated with the project, including
that area permitted under the low density opfion.

i Filling in or piping of any vegetative conveyances (ditches, swales, etc.)
associated with this development, except for average driveway crossings,
is strictly prohibited by any persons.

j- The built-upon areas shall be located a minimum of 30 feet landward of all
perennial and intermittent surface waters.

Filling in or piping of any vegetative conveyances (diiches, swales, etc.)

associated with the permitted development, except for average driveway
crossings, is strictly prohibited by any persons.
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10.

11.

12.

State Stormwater Permit
Permit No,SW5110901

The permittee shall submit to the Director and shall have received approval for

revised plans, specifications, and calculations prior to construction, for any

rbnc?diﬂcation to the approved plans, including, but not limited to, those listed
elow:

Any revision to the approved plans, regardless of size.

Project name change.

Transfer of ownership.

Redesign or addition to the approved amount of built-upon area.
Further subdivision, acquisition, or sale of the project area in whole or in
part. The project area is defined as all property owned by the permittee,
for which Sedimentation and Erosion Control Plan approval was sought.
Filling in, altering or piping any vegetative conveyance shown on the
approved plan.

PooTo

-~

Swales and other vegetated conveyances shall be constructed in their entirety,
vegetated, and be operational for their intended use prior to the construction of
any built-upon surface.

During construction, erosion shall be kept to a minimum and any eroded areas of
the swales or other vegetated conveyances will be repaired immediately.

The permittee shali at all times provide the operation and maintenance
necessary {0 operate the permitted stormwater management systems at
optimum efficiency to include:

inspections

Sediment removal.

Mowing, and re-vegetating of the side slopes.

Immediate repair of eroded areas.

Maintenance of side slopes in accordance with approved plans and
specifications.

PooTwE

Within 30 days of completion of the project, the permittee shall certify in writing
that the project has been constructed in accordance with the approved plans.

The permittee shall submit all information requested by the Director or his
representative within the time frame specified in the written information request.

ll. GENERAL CONDITIONS

1.

This permit is not transferable to any person or entity except after notice to and
approval by the Director. The Director may require modification or revocation and
re-issuance of the permit to change the name and incorporate such other
requirements as may be necessary. In the event of a name or ownership
change, a completed Name/Ownership Change form, signed by both parties,
must be submitted to the Division of Water Quality accompanied by the
supporting documentation as listed on page 2 of the form. The approval of this
request will be considered on its merits, and may or may not be approved.

The permittee is responsible for compliance with all permit conditions until the
Director approves a transfer of ownership. Neither the sale of the project nor the
transfer of common areas to a third party, such as a homeowner's association,
constitutes an approved transfer of the stormwater permit.

Failure to abide by the conditions and limitations contained in this permit may
subject the Permittee to an enforcement action by the Division of Water Quality,
in accordance with North Carolina General Statutes 143-215.6A to 143-215.6C.
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1.

State Stormwater Permit
Permit No.SW5110801

The issuance of this permit does not prohibit the Director from reopening and
modifying the permit, revoking and reissuing the permit, or terminating the permit
as allowed by the laws, rules, and regulations contained in Session Law 2006-
246, Title 15A of the North Carolina Administrative Code, Subchapter 2H.1000;
and North Carolina General Statute 143-215.1 et. al. :

in the event that the facilities fail to perform satisfactorily, including the creation
of nuisance conditions, the Permittee shall take immediate corrective action,
including those as may be required by the Division, such as the construction of
additional or replacement stormwater management systems.

The permittee grants permission to DENR Staff to enter the property during
normal business hours, for the purpose of inspecting all components of the
stormwater management facility.

The permit issued shall continue in force and effect until revoked or terminated.
The permit may be modified, revoked and reissued or terminated for cause. The
filing of a request for a permit modification, revocation and re-issuance, or
termination does not stay any permit condition.

Unless specified elsewhere, permanent seeding requirements for the swales
must follow the guidelines established in the North Carolina Erosion and
Sediment Control Planning and Design Manual.

Approved plans and specifications for this project are incorporated by reference
and are enforceable parts of the permit.

The issuance of this permit does not preclude the Permittee from complying with
any and all statutes, rules, regulations, or ordinances, which may be imposed by
other government agencies (local, state and federal), which have jurisdiction.

The permittee shall notify the Division in writing of any name, ownership or
mailing address changes at least 30 days prior to making such changes.

Permit issued this the 19" day of September, 2011.

NORTH CAROLINA ENVIRONMENTAL MANAGEMENT COMMISSION

55 ;
for Colleen H. Sullins, Director

Division of Water Quality
By Authority of the Environmental Management Commission
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STORMWATER MANAGEMENT PERMIT
APPLICATION



DWQ USE ONLY

Date Received Fee Paid Permit Number

Applicable Rules: [ Coastal SW - 1995 [ Coastal SW - 2008 1 Ph 11 - Post Construction
(sclect all that apply) [ Non-Coastal SW- HOQW/ORW Waters [ Universal Stormwater Management Plan
O Other WQ Mgmt Plan;

j -

State of North Carolina
Department of Environment and Natural Resources
Division of Water Quality

STORMWATER MANAGEMENT PERMIT APPLICATION FORM

This form may be photocopied for use as an oviginal

GENERAIL INFORMATION

1. Project Name (subdivision, facility, or establishment name - should be consistent with project name on plans,
specifications, letters, operation and maintenance agreements, etc.):

The University of North Carolina at Chapel Hill, Bingham Facility

Ty
*

2. Lecation of Project (street address):
1907 Orange Chapel Clover Garden Road
City:Chape] Hill County:Orange Zip:27516-7317

3. Directions to project {(from nearest major infersection):
From the intersection of NC-54 and US 15/501 in Chapel Hill, NC, travel west 10 miles on NC-54. Turn left
on Morrow Mill Road (SR 1958) and travel south for 1.3 miles. Bear left on Orange Chapel Clover Garden

Road (SR 1956} and travel south for 1.4 miles. The Bingham Facility driveway is on left. The site is gated, and

an access card is needed for entrv.

4. Latitude:35° 54" 10" N Longitude:79° 14" 23" W of the main entrance to the project.

IL PERMIT INFORMATION:

1. a. Specify whether project is (check one): XNew [(Modification
b.If this application is being submitted as the result of a modification fo an existing permit, list the existing
permit number , its issue date (if known) , and the status of

construction: [ INotStarted [ JPartially Completed* [ ] Completed*  *provide a designer’s certification

2. Specify the type of project (check one):
PdLow Density [ JHigh Density [ ]JDrains to an Offsite Stormwater System [ JOther

3. If this application is being submitted as the result of a previously returned application or a letter from DWQ
requesting a state stormwater management permit application, list the stormawater project number, if
assigned, and the previous name of the project, if different than currently
proposed,

4.a. Additional Project Requirements (check applicable blanks; information on required state permits can be
obtained by contacting the Customer Service Center at 1-877-623-6748):

[CICAMA Major [<lsedimentation/Erosion Controk: 2.16 ac of Disturbed Area
[_INPDES Industrial Stormwater ~ [X]404/401 Permit: Proposed Impacts 0.04 ac of 404 wetland, 3 LF of
perennial stream

b.If any of these permits have already been acquired please provide the Project Name, I’rojeci/ Permit Number,
issue date and the type of each permit:SEC Permit No. Orang-2009-004 was issued for the site on January 28,
2009, 404 Permit (Nationwide Permit 39) was issued by the U.S. Army Corps of Engineers for the site on May
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Ceritfication (Cerfification No. 3821) {DWQ Project No. 10-0451

for site on June 25, 2010,

1. CONTACT INFORMATION

1.a.Print Applicant / Signing Official’'s name and title (specifically the developer, property owner, lessee,
designated government official, individual, etc. who gwns the project):

Applicant/Organization:The University of North Carglina at Chapel Hill

Signing Official & Title:Richard L. Mann, Vice Chancellor for Finance and Administration

b.Contact information for person listed in item 1a above:
Street Address:300 South Building

City:Chapel Hill State:NC Zip:27599
Mailing Address (if applicable):.Campus Box 1000

City:Chapel Hill State:NC Zip:27599-1000
Phone: (919 ) 962-3795 Fax: (919 } 962-0647

Email:rlimann@unc.edu

¢. Please check the appropriate box. The applicant listed above is:
The property owner (Skip to Contact Information, item 3a)
[ 1 Lessee* (Attach a copy of the lease agreement and complete Contact Information, item 2a and 2b below)
[} Purchaser* (Attach a copy of the pending sales agreement and complete Contact Information, item 2a and
2b below)
[_] Developer* (Complete Contact Information, item 2a and 2b below.)}

2.a.Print Property Owner’s name and title below, if you are the lessee, purchaser or developer. (This is the
person who owns the property that the project is located on):

Property Owner/Organization:

Signing Official & Title:
b.Contact information for person listed in item 2a above:
Street Address:
City: State: Zip:
Mailing Address (if applicable):
City: State: Zip:
Phone: {__ ) Fax: ( )
Emajl:

3.a. (Optional) Print the name and title of another contact such as the project’s construction supervisor or other
person who can answer questions about the project:

Other Contact Person/Organization:The University of North Carolina at Chapel Hill

Signing Official & Title:5haron Myers, Environmental and Stormwater Compliance Officer
b.Contact information for person listed in item 3a above:

Mailing Address:1120 Estes Drive Extension, CB # 1650

City:Chape] Hill State:NC Zip:27599-1650

Phone: {919 )_962-9752 Fax: (919 Y 962-0227

Email:samyers@ehs.unc.edu

4. Local jurisdiction for building permits: NA - State Project, reviewed by State Construction Office

Form SWU-101  Version 07Jun2010 Page 2 of 6
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iv.

1.

Point of Contact;

PROJECT INFORMATION

Phone #: {

In the space provided below, briefly summarize how the stormwater runoff will be treated.

Low density utilizing existing and proposed grassed swales

2.a. ¥ claiming vested rights, identify the supporting documents provided and the date they were approved:

[ ] Approval of a Site Specific Development Plan or PUD

] valid Building Permit
] Other:

Approval Date:

Issued Date:
Date;

b.If claiming vested rights, identify the regulation(s) the project has been designed in accordance with:

10.

Formm SWU-101

[} Coastal SW - 1995

[} Ph 11 - Post Construction

Stormwater runoff from this project drains to the Cape Fear

Total Property Area: 57,56

River basin.

acres

5. Total Coastal Wetlands Area: n/a acres
6. Total Surface Water Area: 1.17 acres

Total Property Area (4) - Total Coastal Wetlands Area (5) - Total Surface Water Area (6) = Total Project

Area*: 56,39 acres

Total project aren shall be caleulated fo exclude the following: the normal pool of impounded structures, the area

between the banks of streams and rivers, the area below the Normal High Water (N

line or Mean High Water

(MHW) line, and coastal wetlands landward from the NHW (or MHW) line. The resultant project area is used lo

celculale overall percent built upon area (BUA). Non-coastal wetlands landward of the N
be included in the totel project aren.

{or MHW) line may

Project percent of impervious area: {Total Impervious Area / Total Project Area) X 100 = 6.29 %

How many drainage areas does the project have? 1 (For high density, count 1 for each proposed engineered
stormwater BMP. For low density and other projects, use 1 for the whole property area)

Complete the following information for each drainage area identified in Project Information item 9. If there
are more than four drainage areas in the project, attach an additional sheet with the information for each area
provided in the same format as below.

Basin Information Drainage Areal | Drainage Area | Drainage Area _ | Drainage Area
Receiving Stream Name Collins Creek
Stream Class * WS-V; NSW
Stream Index Number * 16-30-(0.5)
Total Drainage Area (sf) 2,456,215
On-site Drainage Area (sf) 2,456,215
Off-site Drainage Area (sf) 0
Proposed Impervious Area™ (sf) 154,696
% Impervious Area™ (total) 6.29
Impervious™ Surface Area Drainage Area 1 | Drainage Area | Drainage Area | Drainage Area ___
On-site Buildings /Lots (sf)
On-site Streets (sf) 4,462
On-site Parking (sf)
On-site Sidewalks (sf)
Other on-site (sf) 5,250
Future (sf)
Off-site {sf)
Existing BUA*** (5f) 144,984
Total {sf): - 154,696

*  Stream Class and Index Number can be determined af: http://portal ncdenr.org/webfon/ps/csi/classifications

Version 07Jun2010
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Im ervious area is defined as the built wpon area including, but not limited to, buildings, roads, parking areas,
valks, gravel aveas, eic.

e Repm't only that emount of existing BUA that will remain after development. Do not report any existing BUA that
is to be removed and which will be replaced by new BUA,

11. How was the off-site impervious area listed above determined? Provide documentation. NA

Projects in Union County: Contact DWQ Central Office staff to check if ihe project is located within a Threatened &
Endangered Species walershed that may be subject lo more stringent stormwater requirements os per NCAC 028 0600,

W, SUPPLEMERNT AND O&M FORMS

The applicable state stormwater management permit supplement and operation and maintenance (O&M) forms
must be submitted for each BMP specified for this project. The latest versions of the forms can be downloaded
from hitp:/ /poctalacdenr.org/ web /wa/ ws/ su/ inp-manual,

VI  SUBMITTAL REQUIREMENTS

Only complete application packages will be accepted and reviewed by the Division of Water Quality (DWQ).
A complete package includes all of the fterms listed below. A detailed application instruction sheet and BMP
checklists are available from bitp/ /portalacdeny.ong/ web/ wi/ws/su/statesw/forms docs. The complete
application package should be submitted io the appropriate DW() Office. (The appropriate office may be
found by locating project on the interactive online map at hitp./ / portal nedent.org/web/wa/ ws/su/ maps.)

Please indicate that the following required information have been provided by initialing in the space provided

for each item. All original documents MUST be mgned and initialed in blue Ink. Download the latest versions

for each submitied application package from bttpr// portal. ncdenrorg/ web/ wa/ws/ su/statesw / forms _docs.

Initials

1. Original and one copy of the Stormwater Management Permit Application Form. LM
Original and one copy of the signed and notarized Deed Restrictions & Protective Covenanis M A4
Form. (if required as per Part VI below) /

3. Original of the applicable Supplement Form(s) (sealed, signed and dated; and O&M L NA
agreernent(s) for each BMP. ’

4. Permit application processing fee of $505 payable o NCDENR. (For an Express review, refer to oM
hitp:/ / www envhelp.org / pages/ onestopexpress. him! for information on the Express program
and the associated fees. Contact the appropriate regional office Express Permit Coordinator for
additional information and to schedule the required application meeting.)

5. A detailed narrative (one to two pages} describing the stormwater reatment/ managementfor Lo VIR
the project. This is required in addition to the brief summary provided in the Project
Information, item 1.

6. A USGS map identifying the site location. If the receiving stream is reported as class SA orthe /718
receiving stream drains to class SA waters within ¥ mile of the site boundary, include the %2
mile radius on the map.

7. Sealed, signed and dated calculations. AR
8. Two sets of plans fokled t0 8.5” x 14” (sealed, signed, & dated), including: e e ME

a. Development/Project name.

b. Engineer and firm.

c. Location map with named streets and NCSR npumbers.

&, Legend.

e. North arrow,

f. Scale

g. Revision number and dates.

h. ldentify all surface waters on the plans by delineating the normal pool ejevation of
impounded structures, the banks of streams and rivers, the MHW or NHW line of tidal
waters, and any coastal wetlands landward of the MHW or NHW lines.

o Delineate the vegetated buffer landward from the normal pool elevation of impounded
structures, the banks of streams or rivers, and the MHW {or NHW) of tidal waters.
Dimensioned property / project boundary with bearings & distances.
Site Layout with all BUA identified and dimensioned.

. Existing contours, proposed rontours, spot elevations, finished floor elevations.

Details of roads, drainage features, collection systems, and stormwater control measures,

bl el o
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m. Wetlands delineated, or a note on the plans that none exist. (Must be delineated by a
qualified person. Provide documentation of qualifications and identify the person who
made the determination on the plans.

n. Existing drainage (including off-site), drainage easements, pipe sizes, runoff calculations.

0. Drainage areas delineated (included in the main set of plans, not as a separate document).

p. Vegetated buffers (where required).
9. Copyof any applicable soils report with the associated SHWT elevations {Please identify ﬂ; A
elevations in addition to depths) as well as a map of the boring locations with the existing
elevations and boring logs. Include an 8.5"x11" copy of the NRCS County Soils map with the
project area clearly delineated. For projects with infiltration BMPs, the report should also
include the soil type, expected infiltration rate, and the method of determining the infiltration rate,
{Infiltration Devices submiited to WiRO: Schedule g site visit for DWQ to verify the SHWT prior
to submittal, (910) 796-7378.)

16. A copy of the most currvent property deed. Deed book: 228 Page No: 379 o

11. For corporations and limited Hability corporations {LLC): Provide documentation from the NC
Secretary of State or other official documentation, which supports the titles and positions held
by the persons listed in Contact Information, item 1a, 2a, and/or 3a per NCAC 2H.1003(e). The
corporation or LLC must be listed as an active corporation in good standing with the NC
Secretary of State, otherwise the application will be returned.
http:/ /www secretary state.nc.us/Corporations/ CSearch.aspx

VIl DEED RESTRICTIONS ANWD PROTECTIVE COVEMNANTS

For all subdivisions, outparcels, and future development, the appropriate property restrictions and protective
covenants are required to be recorded prior to the sale of any lot. If lot sizes vary significantly or the proposed
BUA allocations vary, a table listing each lot number, lot size, and the allowable built-upon area must be provided
as an attachment to the completed and notarized deed resiriction form. The appropriate deed restrictions and
protective covenanis forms can be downloaded from

it/ / portal nedenr.ore Sweb/ wy/wes/sudstabesw /orms_docs. Downlead the latest versions for each submittal,

in the instances where the applicant is different than the property owner, it is the responsibility of the property
owner to sign the deed restrictions and protective covenants form while the applicant is responsible for ensuzing
that the deed restrictions are recorded.

By the notarized signature(s) below, the permit holder(s) certify that the recorded property restrictions and
protective covenants for this project, if required, shall include all the items required in the permit and listed
on the forms available on the website, that the covenants will be binding on all parties and persons claiming
under them, that they will run with the land, that the required covenants cannot be changed or deleted
without concurrence from the NC DW(Q, and that they will be recorded prior to the sale of any lot,

VIHL COMNBULTANT INFORMAT TON AND AUTHORIZATION

Applicant Complete this section if you wish to designate authority to another individual and /or firm {(such as a
consulting engineer and/ or firm} so that they may provide information on your behalf for this project (such as
addressing requests for additional information).

Consulting Engineer:_Curt Blazier. PE, LEED AP

Consulting Firm: McKim & Creed, PA

Mailing Acldress: 31730 Varsity Drive, Sulte 500 - S
Citv:Rakeigh State:NC Zip:27606

Phone; {919 i _233-8091 Paxe (919 ) 2338037

IX. PROPERYTY OWNER AUTHORIZATION (f Contact Information, ifem 7 has been filled out, coniplete this
section)

L {print or bype nmue of person listed in Contact Information, ifent 2a) certxfy that ]
own the property identified in this permit application, and thus give permission to (pﬂut or type name of person
Misted e Contact Information, iteme la) . with (print or type name of organization Hsted in
" Contact Information, item Ia)_ to develop the project as currently proposed. A copy of
the lease agreement or pending property sales contract has been provided with the submitial, which indicates the
party responsible for the operation and maintenance of the stormwater system.
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As the legal property owner 1 acknowledge, understand, and agree by my signature below, that if my designated
agent {entity listed in Contact Information, item 1} dissolves their company and/or cancels or defaults on their
lease agreement, or pending sale, responsibility for compliance with the DWQ Stormwater permit reverts back to
me, the property owner. As the property owner, it is my responsibility to notify DWQ immediately and submit a
completed Name/Ownership Change Form within 30 days; otherwise I will be operating a stormwater treatment
facility without a valid permit. 1 understand that the operation of a stormwater treatment facility without a valid
permit is a violation of NC General Statue 143-215.1 and may result in appropriate enforcement action including
the assessment of civil penalties of up to $25,000 per day, pursuant to NCGS 143-215.6.

Signature: Date:
| A— , a Notary Public for the State of , County of

, do hereby certify that personally appeared
before me this ____ day of , _ and acknowledge the due execution of the application for

a stormwater permit. Witness my hand and official seal,

SEAL

My commission expires

X. APPLICANT'S CERTIFICATION

1, (print or type name of person listed in Contact Information, item 1a) Richard L. Mann, Vice Chancellor for Finance and
Administration /
certify that the information included on this permit application form is, to the best of my knowledge, correct and
that the project will be constructed in conformance with the approved plans, that the required deed restrictions
and protective covenants will be recorded, and that the proposed project complies with the requirements of the
applicable stormwater rules under 15A NCAC 2H 1000, SL 2006-246 {Ph. II - Post Construction) or SL 2008-211.

Signature: Date:
L , a Notary Public for the State of _ County of

» do hereby certify that - personally appeared
before me this __ day of _ . , and acknowledge the due execution of the application for

a stormwater permit. Witness my hand and official seal,

SEAL

My commission expires

Form SWU-10]  Version 07Jun2010 Page 6 of 6
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STORMWATER MANAGEMENT PERMIT APPLICATION (SWU-101 VER 06.07.10)
PART V1. SUBMITTAL REQUIREMENTS
ITEM 5 DETAILED NARRATIVE — Addendum 1

LOW DENSITY STORMWATER MANAGEMENT PLAN
FOR THE UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL, BINGHAM FACILITY

The University of North Carolina at Chapel Hill (UNC-CH) Bingham Facility is a 57.56 acre
property located in rural, unincorporated Orange County. The property is not coptiguous to
other UNC-CH property and is not covered under UNC-CH’s NPDES MS4 Phase II permit.
Therefore, a site-specific stormwater permit is required for the Bingham Facility.

This state stormwater permit application covers proposed improvements to the wastewater
treatment system and the site, previous Water and Wastewater System improvements
(completed in 2009) and Building 3 (completed in 2010). The total existing built upon area
(BUA) provided in Section IV Item 10 of the application includes the impervious surface area of
the proposed improvements, the 2009 Water and Wastewater System Improvements and
Building 3

Because both the 2009 Water and Wastewater System improvements and Building 3 had not
previously received a state stormwater permit from the North Carolina Department of
Environment and Natural Resources Division of Water Quality (DWQ), this permit application
package is also submitted as an afier the fact permit application for both of these earlier projects.

The total site area and the total property area for the Bingham Facility are 57.56 acres (see Part
IV. 4. of the application). Existing development on the site includes three research buildings, a
wastewater treatment system with wet weather storage and spray irrigation fields, additional
support structures and buildings, and gravel roads and parking. The site is approximately 85%
wooded, including wooded areas that contain spray irrigation systems for the site’s wastewater
disposal. The total surface water area on the site is 1.17 acres. This is comprised of the area in
between top of bank on the streams. There are 0.85 acres of delineated wetlands on the site.
Total impervious surface on the project site is 3.5 acres or 6.29% of the project area. Thus, the
site is well below the 24% built upon area threshold for low density projects. If the project built
upon area was io increase over 24%, the project would be considered high density and therefore
have different stormwater treatment requirements. For low density projects, the only BMPs
allowed are grassed swales and curb outlets.

Stormwater runoff at the existing Bingham Facility is primarily sheet flow, with some
conveyance through grassed swales, rip-rap channels and stormwater pipes. Gravel roads and
driveways on the site are crowned to drain to roadside swales or to sheet flow. A limited
number of storm drains and culverts were installed with Building 3. These pipes convey flow
under driveways and from the low point created by the loading dock. The two outfalls
associated with Building 3 discharge to vegetated areas on the south side of the site that are
outside of stream buffers. The Water and Wastewater System Improvements project (2007-
2009) installed storm drains to convey flow under the access road to the wet weather storage
pond. That storm drain system also discharges outside of the 50 foot stream buffer. Per the
February 8, 2011 meeting between Mike Randall (DWQ), UNC-CH staff, and UNC-CH’s
design consultant, the existing site is consistent with DWQ’s low density objectives.


https://06.07.10

The proposed Wastewater System Improvements (2011) include upgrades to the sanitary sewer
collection system, the wastewater freatment system, the wet weather storage and the spray
irrigation system. These improvements will occur primarily in previously developed portions of
the site, causing little change to the built upon area. Small site improvements are also planned
by UNC-CH, such as adding sidewalks and new equipment pads for Building 3. An additional
pad may be needed for a future propane gas tank. These improvements will follow the low
density development objectives and will use vegetated conveyances to the maximum extent
practicable to transport stormwater runoff from the project, specifically:

¢ Proposed built upon area will drain by sheet flow to vegetated areas when possible.

¢ No storm drains will be added.

o If existing swales must be reconstructed as part of this project, the new conveyances will

be grassed swales with a 3:1 or flatter side slope.

UNC-CH revisited programming for the Bingham Facility in 2010-2011. The proposed overall
site plan submitted with this application reflects UNC-CH’s most recent plan for build-out at
this site and supersedes any previous master plan for the site, As requested by DWQ, if
additional construction is planned at the site in the future, UNC-CH will submit an application
for permit modification.
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CALCULATIONS



Current and Proposed Conditions

Patcel Area £7.56

Pre-Existing Development
Pasture/meadow
Woods

Exiating Development
1. Existing 8iagham 1
2. Existing Bingham 2
3. Existing Bingham 3
4. Existing Storage Bidg
5. Existing Storage Bldg
8. Exisling Well House
14. Existing Bldg
156, Existing Trailer
18, Existing Transformers
17. Existing Chiller Pad
Grave|

Tolat impervious
Proposed Development
New WW Facilily {impervious - Other)
Chiller Units wipads (Impervious - Other}
Propane Tanks - gravel drive {impervious - Streets)
Propane Tanks - pad
Tatal Proposed Impesvious

Total Impervious from Existing and Proposed

SF

12,429
§,353
16,60C
3,475
2,437
368
1,347
1,100
$00
1,075
108,500

444,984
265
675

4,462
4,210
9,712

154,686

Acres

8.03
49.53

0.29
012
0.37
0.08
0.06
0.0t
0.03
go3
0.02
0.02
2.3

3.33  Acres
0.01
0.02
0.10
0.10
0.22  Acres

355 Acres

5.78% Impervious Surface Cover

6.17% Impervicus Surface Cover
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THIS DEED, MADE AND ENTERED INIO THIS THE _fp ¥ dey of May, 1971,

by and between Anthony L. Jacobs and wife, Ieebelle M. Jacobs, parties of

the firet part; and the State of North Carolina, party of the second part;
. HITNESSETH

That ‘for and in cons'i.;ierats.on of the sum of TEN DOLLARS {$1.0.00)
snd other good, velusble and sufficlent considerations, to them in hand
puld, the receipt of which is hereby fully ecknowledged, said parties of
the first part heve given, granted, bargeined mnd sold and do by these
presente, give, grant, bergein, sell and convey unto the perty of the
second part, the following tract or parcel of lend lying end being in
Binghem Township, in Orenge County, North Csroline, snd more particulerly

described ne follows:
i Being ten (10) miles West of the Town of Chapel Hill, Horsh
Carolina and on the East side of the Public Boed which is State
Road 1956 leading in a Horth-South direction between N, C.
highway No. 54 and Stste Roed 1005 and being about 0.5 miles
Nortn of said State Road end adjoluing said State Roed 1955, 7.
J. BRegan, George Mayrmrd, J. J. Thompson, Varren Ray, Papar
Pickard snd Paul Hencock, and more particulsrly described

as BEGINNING at a concrete monument in the Eset right-of-way
line of the seid 8tate Road and in T, J. Regan's line and
running thence North BE® 15' West 30 feet to the center of seid
.State Rond; running thence with the center of saild rosd Nortn §°
46* West BB1.3 feet Morth 6° 54%' West 267.1 feet and North 0°
50' West 213.9 feet; runping thence South 88° LO' Eest 30 feet

e

» et to g conorete monument in the East right-of-way line of the sald

public roed, and continuing in the same direction with Peul

w4l 0 . Hancook's South line 706.1 feet 4o & comwon corner of the Hancoek

', and Edgar Pickard property, & rock morumet ; munning thence

Lo' Bast 907.0 feet
.. to e concrebe monument; running thence with Picksard’'s line XNorth
80 o3¢ Fast o feet to & concrete monument, Warren Ray's Souvhwes®

aned 41'. ecorper; running thence with the said Hey line South 86 19!

Best 1430.B feet to mn iron steke; running thence in the same
direction with J. J. Thompson's South line 181.7 feet to B rock
v monument, George Meynard's Northwest corner; running thence

with the said Maynard's West line South 12 G2' West 1L9Y feet
to & rock monument; runting thence and conbinuing with the zeld
Maynard Line North B6° 15' Went 1282.6 feet Lo an iron pipe i
T, J. Regan's Horthemst corner; ruaning thence in the same & rec-
tion with Regen's Nerth line 295.5 feet to the Begioning, <ot
taiofng 57,59 mcres, more or less, {0.9% mcres being within he
r ght-of'-way of the said public road) a5 surveyed and platted by

., - Hugh B. McParling, Regletered Surveyor, in February, 1963, saicd

- "plat being recorded in the Office of the Reglster of Deeds of
Orenge County in Plet Book 12, st page 17, and being part of the
same lend conveysd %o John Ire Lewis by desd of Pavid M, Lewls,
dated September 22, 1937. As recorded In the Office o7 the Reg~
ister of Deeds of Orange Councy in Deed Book 10%, at Pape 325,
and being the same property conveyed to Anbthony L. Jacohs and

“wlre, Tranetio Mo Jdanehe by Tesd of fTnbi Tea Tewin A wife, Osily

Dalsy Lowis, duted Lhe 1ab dey ol Aprll, LUOY, and as raaurdud
in the Dffice of the Register of Deeds of Orange County in Deca

Book 192, et 28ge 306,

sonk 229 mer 379


https://Mayna.rd
https://directi.on

TO FAVE AND TO HOLD the aforessid tract or parcel of land and sl

« jorivileges and appurtenances 'biiereunto velonging to the seid party of the
‘fsecond part in fee simple forever, except *i:he highway right-of-way over 0.9%
cre thereof, mnd that the seld party c;f the firat part will forever warrant
nd defend the said title to the same sgainst the claims of ell persons
homsoever,

XV TESTIMONY WHEREDF, the said‘par'bies of the first part has

herevhto set his hend end seal the day and year first sbove written,

/@Mwﬁd@‘w . {SEAL)
‘ | o ég&[zﬁ ﬁ(ﬂl o ooy (SEAT)

an ) - f
; NORTH CAROLINA '
ORANGE COUNTY

W S enfort e 5 & Notary Public in and

B Tor the afores id Sounty and State d& hersby certify thaet Anthony L.

S ., Jacobs and wife,r Isabelle M. Jocobs, personelly sppesred before we this
ds:be and acknowledged the execution of the foregoing Deed.

WITHESS mwy hend and Notarial Seal this the lﬂ% day of May, 1871,

L 1:%gZL%?mAZEigéﬁﬁggg&ﬁmwﬁﬂ
weommigglon expires: ?, ~ . I TG _

STATE OF NORTH CARQLINA~DRANGE COUNTY
Margaret T. Singman

THE FOREGOING CERTIFICATE O OF

3&?;;&‘* ITEROTARIR PUBLIC OF THE DESIGNATED GOVERNMENTAL UtE 15 R CERTIFED Tﬁﬂ'ﬁi&fﬂ&é{:}ﬁ?&(‘pii‘ ~ 77
i pue R DAY OF May f, A_D 0 My § 2 su P
BETTY JUNE HAYES, REGISTER (F DEEDS ‘ av; 4 @_ﬂ% = N HAYES
‘ Cherlie Hodson, Atty. ABSISTANT/OEXRICT RE REGI: STER OF DEEDS

ARETURN

ook 229 a¢ 380

s PRANry  pmam e Sl A e e e e et L g .
ﬁ tiy June Hayes, Rega.ater of Deeds.
Byt

s

\V]
o, O

S, B HODSON
ATTORKEY AY LAW
T4 DULLARD RULDIKG
GHAPEL Kl M, &
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‘Technical Data Sheet

AdvanTex A1 00 Tel

gmnee‘&rmms‘
8000-348-9843

Applications

Orence's AdvanTex® Treatment System is an innovative technol-
ogy for onsite treatment of domestic-strength wastewater. The
heart of the System is the AdvanTex Textile Fiter, a sturdy, water-
tight fiberglass basin filled with an engineered textile material.
This lightweight, highly absorbent textile material treats a tre-
mendous amount of wastewater in a small space. The AdvanTex
Treatment System is ideal for:

+ New construction

« System upgrades and repairs

« Small sites

¢ Poor soils

s Pretreatment

= Nitrogen reduction

e Price-sensitive markets

Far sizing, see AdvanTex® Design Criteria (NDA-ATX-COMM-2).

The heart of the AdvanTex® AX100 Treatment System is this sturdy,
watertight fiberglass basin filled with an engineered textile material,

*Coverad by U.5. patent numbers 6,540,820; 6,372,137; 5,531,894; 5,480,561, 5,360,556

Features/Specifications
To specify this product, require the following:

o Wastewater treatment to better than “secondary” treatment
standards

~« Consistent treatment, even during peak flows

« Timer operation for flow monitoring, flow modulation, and
surge control

« Fixed-film, engineered textile media, operated in an unsatu-
rated condition

e Consistent media quality

« Low energy consumption

o | gw maintenance requirements

o Complete pre-manufactured package, ready to install

« Watertight construction, corrosion-proof materials, and com-
ponents

¢ Anti-fiotation flanges
+ Quiet operation

Standard Model

AX100

Physical Specifications

Approximate Dimensions**

Length, in. {mm) 191 (4851)
Width, in. {mm} 94 {2388)
Height, in. {mm) 42 (1067)
Area {footprint), 2 {m?) 128{11.9)
Diry Weight, 1b {ka) 2000 {807)

** 8ap AdvanTex? Treatment System drawings for exact dimensions

X000 00000000000
© 201 Orenco Systems® Ine. ATD-ATK-AX-3
Rev. 2.0, © DG/11

Page 1001



Design Aid

AdvanTex® Design Criteria

For Commercial and Multi-Family Applications: AX100 and AX20 Models

- Cl
Urenco amms‘
incurporate

800-348-9843

System Description and Treatment Process

Commercial AdvanTex® AX100 and AX20 Treatrent Systems are a muitiple-pass, packed bed aerobic wastewater freatment technology
specifically designed and engineered for long-term processing of domestic strength wastewater. AdvariTex Treatment Systems are capable of
processing typical domestic influent wastewater (see Table 1) to "better than secondary frealment standards.” Fxcellent results with regard io
¢BOD; and TSS should be achieved, and total nitrogen reduction wili typically exceed 60% on average, assuming sufficient alkafinity is avail-
ahle. Figure 1 shows a standard layout for a commersial AdvanTex AX100 treatment system. (Primary treatment and dispersal not shown.)

Figure 1. Standard Commercial AdvanTex Treatment System: Top View (AX100 Shown)
/ 7 7 Alr Inlets
|

2. ) -}

AdvanTex®
AX189 Pods
{typical}

Vent Fan e

Assembly - - ProSTEP
" . Duplex Pump

Package

Screened —» e———
influent From
Primary Tankage

\— Recirculating Recirculation-
Splitter Valve Blend Tank

Discharge

Prior to the AdvanTex Treatment System, primary treatment of raw sewage is aceomplished through anpropriately-sized primary septic tanks.
After primary treatment, the effuent enters the recirc-blend fank, where it blends with the contents of the tank. ProSTEP™ purmp packages in
the recirc-blend tank fransport blended effiuent to a disiribution manifold in the AdvanTex filter pod. Effluent percclates down through the textile
media, where it is treated by naturally-occurring microorganisms thaf populate the filter, After passing through the filfer media, the treated efflu-
ent flows out of the fitter pod through the filirate retum line that retums the effluent to the recirculating valve (RSV or MM). The valve automati-
cally splits or diverts the flow between the recire-blend tank and the final discharge and controls the liguid level within the tank. During extended
neriods of low forward flow into the system, 100% of the treated effluent is refurned fo the recirc-blend tank. The recirc-blend fank is sef up so
that incoming effluent from the primary septic tanks and filirate from the AdvanTex system pods enter opposite the pump discharge fo the pods
so that mixing, blending, and dilution of the effluent occurs before being dosed onto the AdvariTex filter pods.

® 2011 Orenco Systems® Inc, NDA-ATX-COMM-PKG-1

Rev. 3.0, © 0611
Page 1o!9




AdvanTex®AX100& AXZD Commermal DemgnCritersa

System Selection: Size and Configuration

Commercial Advanex Treatment Systems are typically configured as shiown in Figure 1. For smaller systems, AX20 pods can be arranged ina
similar configuration. If additional nitragen reduction is desired, a specialfy mode in which a portion of the filtrate is routed o recirculate through
the primary tank may be considered. This option aliows for improved denlirification fo enhance the overall nutrient removal. There are several
other factors that influence the rérogen process, and each of these should be considered when developing & plan for achieving significant
reductions in this area.

System Requirements: Typical Commercial AdvanTex Influent Wastewater Strength

Wastewater strengths for commercial AdvanTex systems must remain within typical influent limits as shown in Table 1, below. Consult
Orenco or an authorized Dealer for applications involving higher-than-domestic waste strength.

Table 1. Typical Commercial AdvanTex Influent Wastewater Strength®

Characteristic Average (mg/L} Weekly Peak (mg/l} Rarely Exceed {mofl)
BaD, 0 50 500
TSS 40 75 150
TKN 65 5 150
G&O 20 P n
pH 7 651675 9
Alkalinity 250-160 {desired) * — e

* “Typical Commercial AdvanTex Influent Wastewater Strength” is the maximum allowable wastewater strength entering the recirc-blend tank of an AdyanTex Treatment System.

1 Commereial systems will occasionally vary in strength based ugon changes in flow characteristics or ownership. As the average influent strength approaches 80% of the weakly
pear: levels, consideration must be given to providing supplemental pre-reatment, additional freatment units, or pracess oversight

+ Wastewater alkalinity shoutd rarely drop below these levels if nitrogen reduction is Recessary.

System Requirements: Recommended Primary Tankage

Typical primary tank sizing will be based on Preferred HRTs {Hydraufic Retention Times) as described in the Pamary Tank Sizing Ghart
(NDA-TNK-1) provided as an Appendix fo this document, For subdivisions, recommendations assume that design maximum daily flows
are typicaky two times design average daily flows. For commercial estallishments such as schoels, churches, restaurants, highway rest
areas, etc., design maximum daily flows may be much larger than the design average daily flow. Designers should consult local regula-
tions, as well as use their own experience, when estimating flows from these sources. Obtaining flow records from similar existing estab-
lishmenis can be valuable. Also, please Teel free to contact Orenco at B00-348-8843 or +1-541-458-4449,

In the primary fank(s), the raw sewage separates into - -

three distinct zones: a scum layer, a sludge ltayer, and a Figure 2 Typical Primary Tank
clear zone. Heavy solids settle 1o the bottom to form the W T e A
sludge layer, while the lighter material floais to the top o
create the scum layer. Facultative and anaerobic diges-
tion converts the organic matter to volatile organic acids
while strict anaerobes ferment the volatile organic acids

to gases {methane, carbon dioxide, etc.). Effluent from
the clear zone is then passed through a Biotube® effluent
fitter before being transported to the recirc-blend tank.
(See Figure 2.) For the system to operate properly, all
tanks must meet minimum structural requirements, be
completely watertight, and pass a watertight test including
the riser/tank connection. For detailed specifications, see
structural and watertighiness criferia in Grenco’s Malerial
Specifications (NDA-ATX-COMM-SPECS-1).

Clear zone

Shudge

NDA-ATX-COMM-PKG-T ® 2011 Grenco Systems® Inc.
Rov. 3.0 © 06/11
Page 2 of 93



Figure 3. Typical Primary Tanks: Single- and Multiple-Tank Configurations

Cutlet

Fig. 3a: Cast-in-Place Primary Meander Tank Fig. 3b: Multipie Primary FRP Tanks

When the required tank size exceeds available premanufactured tank capacities, cast-in-place, meander, or multiple FRP or precast
tanks {as shown in Figures 3a and 3b} are preferred configurations. Two separate decuments, Septic Tank Sizing for Large Flows, (NTP-
TNK-TRB-2) and Design and Performance of Septic Tanks, (NTP-TNK-TRB-3), provide significant background information specific to the
primary fank design and configuration.

Recirculation-Blend Tankage
The recirculation-hlend tank is sized to equal at least 80% of the design maximurn daily flow. A larger tank may be recommended based
on the expected orgaic or peak design hydraufic loads, or to accemmodate special surge capacities or operator response capabilities.

For nitrogen-sensitive areas requiring greater than 60% nitrogen reduction, the recirc-blend tankage is sized 1o equat at least 100% of
the peak flow and greater primary tankage is recommended. Where access to a primary waste source is unavailabie, this may be gro-
vided as two separate tanks, typically an 80% recirc-blend preceded by a 20% denitrification tank. Contact Orenco for details.

Design Leading Rates

Typical loading rates are based on the AdvanTex Loading Chart for Commercial and Mufii-Family Applications, (NDA-ATX-4) provided as
Appendix 3 to this document. Orenco’s suggested design loading rates are based on typical per capita flow rates and average strength
characteristics expected as listed in Tahle 1. Performance is a function of the expected typical loads with periadic weekly peaks. The
packed bed media fiiter used in Orenco’s AdvanTex AX100 Treatment Systems is configured in the same manner as our AXZ20 Treatment
Systems, which are NSF/ANSI Standard 40 Class |-approved. Typically, the dally mass loading is based on the expected dally flows and
parameter strength. Figure 4 shows average foading capacity at 95% confidence fevel.

The base nominal hydraulic loading rate (HLR) for an AdvanTex Treatment System is 25 gpd/4? with & base organic loading rate (OLR) of
0.04 Ins BOD/A2 - day (0.2 kg BOD/M? - day). The AdvariTex AX100 has a nominal (plan view) surface area of 100 ft/pod (9.3 m/pod) and
the AdvariTex AX20 (sometimes used in small commercial applications) has a nominal surface area of 20 f#/pod {1.9 m?/pod).

"Mt these loading. rates, design criteria target a 10/10 effluent quality in the discharge effluent: Discharge levels may be projected at a 95%
confidence level relative to the hydraulic loading rate. Peak HLR's of 50 gpd/f? (2000 Lpd/m?) or peak OLR’s of 0.08 Ibs BOD/t2 - day
(0.4 kg BOD/m2 - day) can be handled for short periods of time with litle effect on performarice. Higher loading rates may be applicable
refative to higher discharge limits or sufficient operating documentation, but would not be afiowed fo excesd 50 gpd/ft? (2000 Lpd/m?) at
the typical average characteristics presented in Table 1. A thorough evaluation of all the typical wastewater characteristics will guide design
limits. High ofl and grease concentrations may require pretreatment to ensure maintenance frequencies are not excessive.

If the loading rate (or mass load) needs 1o be reduced to mest discharge limits, it's a simple matter of adding additional modular units.
Operationally, the module’s flexible and easily serviceable features make AdvaniTex units an ideal, efficient, and effective soiution for all
wastewater treatment applications with domestic waste characteristics.

NDA-ATX-COMM-PKG-1
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Ventilation

Commercial AdvanTex filters may come with either an active or passive vent system, depending on application type and desired freatment
levels. An active vent system utilizing a low wattage fan will typicaliy be usad, except for smalt systems with residential uality influent
waste strengths. The internal volume of an AX100 is about 350 t3 {10 m®; typically, air changes cecur every other hour, AX20 units

typically use passive ventilation.

The Infst plumbing 1o the recirc-blend tank should aflow for natural ventitation back through the building sewer and vent stack. Building
sewer lines provide a natural conduit for air movement and exchange throughout the recire-biend tank and freatment system.

The passive vent provided contains a carbon filter material to mitigate odors. However, a smiall amount of edor may silff occur during a
dosing event, as air from the pod is displaced by the dosed effluent. This should be taken into consideration before siting or locating 4
passive ventilated system in areas where this occasional odor may be perceived as a nuisance.

‘Figure 4. -
‘Efffuent. &uahiy vs: Hydraulm Laadmg Rates™
(ANSI/NSF Standard 40 and Gther Third Party Testing Resufts)

815 1222 1630 2037 2445 (L/day/m?)
30 40 50 60 (gpdiith

1222 1630 20% 2445 (Ldayim)
o 5 60

Hydrauhc Loadmg Rate -

— 95% Com‘tdance Level e e Average
El Recommended Design Range for Residential Strength Waste

" Infiuent concenirations of 182 mg/L BOD; and 291 my/L 1SS, with peak
influerit conceniralions of 550 mg/L BOD,, and 1600 mg/L TSS.

(gpd/t)

Typical Effluent Quality

Effluent quality is dependent on a number of factors, inciuding influent
characteristics and loading rates. Third party NSF/ANS! Standard 40
testing results are shown in Figure 4.-The resuits demionstrate that low-
to-modérate loading rates can produce cBOD and TSS of <& mg/i_
whﬂe higher foading rates produce BOD and 1551 inthe'range of
15-26 mg/L::

Nitragen reduction in the standard configuration wil typically exceed 60
percent. Using a speciafty mode, nitrogen reduction will typically exceed
70 percent, depending on wastewater strength and other characteris-
tics like BOD;, grease and oils, pH, tankage (HRT), temperature, and
alkalinity concentrations. Nitrification can be inhibited if the natural Duff-
ering capacity (alkakinity) is too low. On a thecretical basis, 7.14 mg/L
of alkaiinity as Cal0, is needed to nitrify 1 mg/L of NH,-N. For more
information on nitrogen reducing systems, contact Orenco.

Pumping Equipment

The integrated treaiment package includes an Orenco ProSTEP™ purp
package. Typically a single pump is necessary 1o energize the distribu-
tion manifold in the an AdvanTex treatment pod. For the AX100, there
are four laterals in each fiter with two spray nozzes per lateral. The

flow can be varied by adjusting the pressure at the pod infet; however,
our haseline operational flow & about 6.0 gpm per nozze, which puts
the pumping rate at about 48.0 gpm per each AX1GG, Orenco pump
madels PFB005, PF5007, PE501G, and PF7510 are used for the AX100
units, Duplex o sufficient mudtiple pumps are required In af commercial
applications to ensure operationa! integrity with one or more pumps out
of commission,

Distributing Valves (Optional)

Automatic distriouting valve assemblies are used o alternate doses

t6 up to three AX100 pods utilizing a duplex ProSTEP pump package.
Orenco often recommends designing without autormatic distribution
valves i possidle, to eiminate extra moving parts in the system. Other
configuration options could include a single pump per pod, or two
PF5007 pumps coupled to dose three pods simultaneously.

NDA-ATX-COMM-PKE-1
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Distribution vaives allow for a 4:1 regirc-blend ratio during perieds of design maximum daily hydraulic loading without exceeding the
maximum daily cycle rating of the pumps. Orenco automatic distributing valve assemblies should be located at the high point between
the recirc-blend tank and the AdvanTex pod(s) to ensure proper operation of the valve. For more details on this product, please refer to
Grenco Aufomatic Distributing Valve Assemblies for Wastewater Efffuent Systermns (NTP-VA-1).

Residual Pressures
The residual pressure wilf typically be set to 3.0 psi (20.7 kPa) fo attain the desired 6 gpm (0.38 Lps) per nozzle. Each AX100 pod is supplied
with a gauge tap and valve assembly to alfow for pressure measurermnent at the pod inlet.

Recirculation-Blend Ratios and Timer Settings

Typical operating recirculation-blend ratios will vary between 2:1 and 4:1, and the "off” time varies as a function of the recirc-blend
ratio. The Advarifex Treatment System controls are initially set to a 4:1 recirc-blend ratio, and initial timer settings are established
based on the design average daily flow. A fypical dose event will vary between 1 and 2 minutes and will deliver about 6 1o 12 gallons
{23 to 45 fiters) per nozzle per dose. If, after startup, the actual measured flows vary significantly from estimated design flows, timer
settings should be recalculated.

AdvanTex Control System

The method in which the effluent is loaded onto the AdvanTex fitter is critical to the successful performance of the AdvanTex Treatment
System. Over the past three decades, timer-controlled applications have proven to play an essential role in optimizing the performance of
hoth fixed and suspended growth biologicat systems. A timer-controlled pump in the recirc-blend chamber periodically doses effluent to
a distribution system on top of the AdvanTex filler media. Each time the filter Is dosed, effluent sfowly percolates through the filter media
and is treaied by naturally-occurring microorganisms that populate the filter. During periods of high flow, 4 timer override float will tem-
porarily adjust the timer settings to process the additional flow. The controller can also be programmed to change to an energy economy
fmade during extended periods of low inflow.

A telemeiry-based panel -~ which can be connected fo a land line, cellular service, internet, or sateflite service — controls all equip-
ment. Remote telemetry control panels are an integral part of ail commercial AdvanTex Treatment System equipment packages. The
remote telemetry feature provides real-time operator monitoring and control over system componenis, as well as data collection of key
operational parameters and events. if additional equipment for pretreatment, tertiary treatment, or disinfection are required, the controls
for each component can easily be incorporated info the telemetry control panel. This also allows the manufacturer 1o contact the panel
directly to assist the operator in system evaluation and troubleshooting or to manually override operations. Remote telernelry control
panels also provide additional alarm functions to automatically page the operator in the event that trend data indicate potential problem
conditions (e.g. high flows). Orenco control panels can &lso integrate into existing SCADA systems.

Surge Volume

Advariiex tankage design is consistent with that of other packed bed fitters. Flow egqualization should be designed info the primary tanks
with controlied (metered) feed fo the recirc-blend tank, If surging needs o be done in the recirc-blend tank, then sizing and timer controls
will be programmed 1o optimize performance and surge capacity. Churches, schools, and assembly halls are typical applications where
weekly surge control practices provide optimum filter sizing.

Other Design Considerations
AdvanTex pods are designed for instaflafion in areas that are free of water. ¥ a project requires placement of the pod in a high-water area,
contact Orenco for options,

For cold weather applications, AX units are available with Insulation attached to the bottom of the lid (1-inch thick; B-5 or 0.2 BTUs/tr/
ft?/°F/inch thickness). Installing insulation around the sides of the filter pods themselves is optional and is done onsite as needed.

Other cold weather considerations include standard practices used with most onsite pump systems, such as allowing alf fines to drain, insu-
fating processing fank lids, and backfifing risers with pea gravel if frost-heave is a concern. For extreme climates with long periods of sub-
freezing weather, a warm air source may be required. Contact Orenco if supplementary options need to be considered.

00000 Y
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Appendix 1: Primary Tank Sizing

At Orenco Systems, we believe a structurally sound, watertight, and well-maintained septic tank is one of the most gffective and economical
wastewater treatment devices available, Adequate septic tankage will anaerobically digest organic material, remove setfieable and floatable
solids, help modufate flow, and consistently discharge effluent that meets “primary treatment” standards.

The Primary Tank Sizing Chart on the next page lists Orenco’s tank sizing recommendations for various appfications. The table includes mini-
mum and preferred tankages for a dozen common types of facilities. We acknowledge that both the minimum and preferred tankages fisted
exceed EPA minimum sizes. After conducting extensive research on septic tankage, we are convinced that the smaller tankage arrived at
using the EPA formula will result in suboptimal performance. Moreover, although smaller tanks may cost less initially, long-term cost of own-
ership s greater when their higher maintenance costs are taken info consideration. From an economic standpolnt, ensuring adequate tankage
of onsite wastewater treatment systems is an effective way to reduce operational costs. Consequently, we base our numbers on fong-term
performance satisfaction with regard to nominal quality (“minimum” tankage} and high quality (*preferred tankage”) effluent.

Here are a few tips on how to use this chart:

« To calculate the appropriate tank size for your job, muttiply the design maximum daily flow in gallens per day specified by your
regulatory commission (according to facility type) by the hydraulic retention time (HRT} in days, listed in the Minimum and
Preferred columns. For example, if local regulations require a 10,000 gpd system design for an office facility, Orenco recom-
mends primary tankage of 30,000 gpd (minimum) or 40,000 gpd {preferred).

e Because grease and olf can inhibit microbial action and seal the pores in a packed bed filter or solf absorption system, Orenco
recommends a grease tank for any facility with a commerclal kitchen. A grease tank, which provides the onger retention time
required to cool grease and oil to a point at which separation is possible, is an economical means of cooling and removing grease
and oif before integrating the kitchen flow info the primary tankage.

« Several types of facilities — such as churches, schools, weekend campsites, etc. — may experience large fluctuations in daily
flow; some may even receive all of their weekly flow over the course of one or two days. For facllities ike these thai need surge
control, flow equalization should be included in the tank design.

« For fagilities in the upper section of the table (those with restrooms and kitchens), primary tankage volume is determined by mul-
tiplying the sum of the design maximum daily flows of the restrooms and kitchens combined by the factor in the Primary Tankage
cell. For farger facilities, such as the bottom three categories on the chart, the values are intended fo be cumulative,

This table should be used as a general guidefine for decentralized wastewater treatment designs. If you have questions about special
cases where larger tankage or other measures may be necessary, of if you have generai questions about flow equalization, please
calt Orenco Systems at (800) 348-9843 or +1-541-459-4449,

NDA-ATX-COMM-PKG-1 ® 2541 Orenco Systems® fac.
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Primary Tank Sizing Chart

Facility | L © Minimum - Preferred
Grease Tankage' : Primary Tankage? | Grease Tankage' | Primary Tankage?
HRT (days) ! HRT {days) HRT (days) ! HRT {days)

Office/Manufacturing/Light Industrial | ;

a) restrooms only n/a i 3 nfa ; 4
Restaurant/Deli | 3

a) restrooms and kitchen 3 : 4 5 ' 5
Convenience Store/Gas Station : :r

a) restrooms only nfa { 3 nfa : 4

b} restrooms and kitchen/deli : 2 i 33 4 | 4
Hotel/Motel/Multiple Bwelling Units :

a) restrooms and kitchens nfa : 3 n/a ; 4

b} restrooms and restaurant/kitchen 3 ; B 5 ; 4
Church : E

a) restrooms only na i 25 + Surge® n/a ! 4 + Surge*

b) restrooms and kitchen 2 : 2.5 + Surge® 4 ‘ 4 .+ Surged4
School 5

a) restrooms only nfa ! 3+Surget nfa 4.4 Surge*

b) restrooms and kitchen 3 ; 3 + Surge’? 5 E 4 4 Surge®4
Deog Kennel/Veterinary Clinic ; 5

a) restrooms only n/a ! 3 : na } 4

b) restrooms and floor drains nfa : 3 + Surged4s n/a ; 4 + Surge®4s
RV Park : ;

a) RV spaces n/a 5 3 n/a { 4

b) dump station nfa ) 8 nfa i 10
Casino E E

a) gaming floor nfa : 3 nfa ; 4

b) hotei/motel na : 3 na | 4

¢) restaurant/deli 3 : 4 5 ; 5
Resort/Camp é E

a) bunk houses nfa i 3 nfa : 4

b) main houses nfa : 3 nfa i 4

t) kitchen 2 i 3 4 : 4

1. Grease tankage HRT is based on a separate kitchen design maximuem daily flow, which is integrated into the main flow prior o the primary sepiic tanks.
2. Primary tankage HRT is Dased on the sum of the design maximum daily flows from al sources.

3, For facllities with restrooms and kitchen, primary fankage volume is determined by multiplying the sum of the design maximam daily flows of the restrooms ang kitchen
combingd by the factor in the primary tankage cell.

4, To determine surge volume for flow equalization purmposes, please call Orenco Systems ai (00} 348-8843 or +1-541-459-4449 for assistance.

5. To reduce septage pumping in these and other speciafized applications, we recommend using muiple tanks: The first should be small (0.5 1o 0.75 HRT); subseguent tanks
shouid provide the remaining HRT requirements.

Note: Tankages are hased on long-term performance satisfaction (with respect to septage remavalj and nominal quality (minimum} to high-quality (preferred)
effirent If efffuent strength is higher than the expected level or if 2 higher level of treatment is reguired, greater tankage will be necessary.
To enhance total nitregen reduction, primary tankage should be increased for AdvanTex Mode 3 Systems. Contact Orence far specifics.

® 2011 Gronco Systams® Ine. NDA-ATX-GOMM-PKG-1
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Appendix 3: AdvanTex® Loading

For Commercial and Multi-Family Applications

At Orenco Systems, we have spent mere than two decades researching packed bed filters, a proven wastewster technology. Based on
our research, we developed the Advaritex Treatment System, which has been in use since the mid-1990s. AdvanTex Treatment Systems
work like recirculating sand/gravel filters, which treat wastewater through a combination of physical, chemical, and biological processes.
AdvanTex produces effluent that exceeds “secondary” treatment standards.

The difference between AdvanTex and sand/gravel fitters is AdvanTex Treatment Systems use an inert nonwoven textile material instead
of granuiar media such as sand or gravel. Textite has several advantages over granular media:

« Textile has a larger surface area—five times greater than an equivalent volume of sand——so installations have a much smaller
footprint than sand filter systems.

* Texiile's higher absorption capacity allows loading rates five-to-twenty times higher than sand (as high as 50 gpd/sq ft).

e Texiile media weighs considerably less than granular media, so AdvariTex systems ¢an be prepackaged, which resutts in reduced instal-
tation costs.

+ Textlle media s washable, allowing for a refatively quick and easy refuvenation of the treatment system in case of abuse or over-
lpading.

Designing an AdvariTex Treatment System is similar to designing a recirculating sand fifter (RSF). Most commercial AdvanTex systems
also reguire a ventilation fan ({typically rated at 90 watts). However, the power required to operate this fan twenty-four hours per day Is
significantly less than the power required to operate packaged treaiment systems.

In areas that are not nitrogen-sensitive, the recommendad size of the recirculation-blend tank for the AdvariTex system is one that pro-
vides an HRT based upon eighty percent {80%) of the maximum daily design flow. For nitrogen-sensitive areas, the recommended size of
the recirculation-blend tank is one that provides HRT based upon 100% of the maximum dally design flow.

AdvanTtex systems have performed well in residential applications where nifrogen removal is necessary. In commercial applications,
nitrogen reduction is much more complex than BOD and TSS reduction, and consequently harder to predict. Nitrogen reduction will be
dependent on incoming TKN levels, water and air temperatures, alkalinity, pH, and a number of other factors. While commercial Advarifex
systems can be oplimized for nitrogen removal, meeting stringent nitrogen limits on a continuous basis cannot be guaranteed.

The AdvariTex Loading Chart on the next page lists Orenco’s loading rate recomimendations for various applications. i inchsdes Yoading
rates for both design average daily fiow and design maximum daily flow for AdvanTex filters used in commercial and muiti-family applica-
tions. The loading rates used in the table are based on screened primary-treated residential strength effluent from properly sized septic
tanks.

This table should be used as a general guideline for decentralized wastewater treatment designs. If you have questions about spe-
cial cases where different loading rates or tther measures may be necessary, or if you have general questions about the Advaniex
Treatment System, please call Orenco Systems at (800) 348-9843 or +1-541-453-4449

)
;
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AdvanTex System Loading

Facility ~ Recommended Commercial AdvanTex Loading Rate’
Design Average Daily Fiow® (gpd/sq ) | Design Maximum Daily Flow® (gpd/soft)

Subdivisions/Multiple Dwelling Ynits 25 ; 50
Oftice/Manufacturing/Light Industrial i

4) restrooms only 25 i 50
Restaurant/Deli ‘:

a) restrooms and kitchen 10 i 25
Convenience Store/Gas Station E

&) restrooms only 15 3 40

by restrooms and kitchen/deli 10 i 25
Hate!/Motel/Multiple Dwelling Units §

a) restrooms and kitchens 25 ' 50

b) restrooms and restaurant/kitchen 15 ; 35
Church I:

a) restrooms only 25 ; 50

b} restrooms and kitchen 15 ! 40
School . i

&) restrooms only 25 { 50

b} restrooms and kitchen 15 | 40
Dog Kennel/Veterinary Clinic i

a) restrooms oRly 25 i 50

b) restrooms ang flor drains 15 : 40
RV Park

a) RV spaces 25 : 50

b) dump station Not recommended ; Not recommended
Casine %

a) gaming floor 25 : 50

1) hotel/motel 25 ; 50

¢) restaurant/det 10 i 25
Resort/Camp '

a) bunk houses 25 ; 50

b) main houses 25 ' 50

¢} kitchen ' 10 ; 25

1. AdvanTex loading rates assume properly sized primary tankage, as outlined in the Grenca Design Ald, Primary Tank Sizing, (NDA-TNK-1}. Loading rates are based on
nominal wastewater characteristics as described eartier in this document.

2. Design average daily flow is the expected daily flow based on a 30-day average.
3. Design maximum daily flow Is the maximum daily flow a facility s expected to produce over a week’s time,

Note: Loading rates shown are for systems expected to perform to secondary standards such as ANSI/NSF 40. Higher performance systems require special
review and generally feature lower lnading rates.

© 2011 Orenco Systems® ing, NDA-ATX-COMM-PKG-1
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1-800-248-9843

For Residential AdvanTex® Treatment Systems

Basis for Approvals

AdvanTex® Treatment Systems

Orenco’s AdvanTex Treatment System incorporates a packed bed filter unit that uses textile media. The
effectiveness of wastewater treatment using packed bed filters has been well documented over the past
century.

Orenco Systems has been researching and developing textile packed bed filters since 1996, and about
20,000 textile filters have been installed in the U.S., Canada, and all over the world, on all sorts of sites:
single-family homes, commercial properties, and community systems. The company’s 30 years of
experience with research, design, and construction of all types of intermittent and recirculating sand
filters has been invaluable during this process. The principles and practices used in sand filters are very
much like those used with textiie filters.

Following is a summary of AdvanTex approvals. Currently, AdvanTex is approved in over 100
jurisdictions (states, counties, and provinces). AdvanTex has also been specifically approved for its
ability to reduce nitrogen in wastewater in as many as 22 different jurisdictions (see below). Additional
supporting information is available. If you have any questions, please call Sam Carter, Orenco Systems,
Inc., (800) 348-9843, ext. 327.

Documented Approvals and Installations

AdvanTex Treatment Systems have undergone third-party evaluation and have successfully passed
ANSI testing protocols. Qur AX?20, rated at 500 gpd, successfully passed the NSF/ANSI Standard 40
testing protocol for Class 1 Systems. The AdvanTex System has also undergone multiple third-party
field testing evaluations which demonstrate its ability to perform under real life conditions.

Following is a summary of principal approvals and installations, arranged alphabetically by country and
state or province, with contact names and phone numbers.

United States:
Alabama: Statewide approval was given to the AdvanTex Treatment System in 2002.
Contact: Billy Mcl.ean, Dauphin Environmental, (251) 660-1300.

Alaska: Approval was given to the AdvanTex Treatment System by The Municipality of Anchorage in 2002.
AdvanTex is also recognized as a pitrogen-reducing system.
Contact: Jim Jensen, Anchorage Tank, (907) 272-3543.

TRE-ATX-1
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New Jersey: Statewide approval was given to the AdvanTex Treatment System in 2008 under the

Aerobic Systems Guidance Document.
Contact: Bob Johnson, Atlantic Solutions, (401) 293-0176.

New Mexico: Statewide approval was given to the AdvanTex Treatment System in 2001. AdvanTex is
also recognized as a nitrogen-reducing system.
Contact: Roger Shafer, SCG Enterprises, (303) 838-0611.

New York: New York does not have a statewide advanced treatment system approvals process. The
AdvanTex Treatment system has been approved by several counties.
Contact: Mary Clark, Orenco Systems, Inc., (802) 917-4746.

North Carolina: Statewide approval as an mnovatwc= system was iven to__the AdvanTex Treatment
‘System in 2005: AdvanTex is also recogniz litrogen-reducin m.

Contact: Steve Berkowitz, North Carolina Department of Environmental Health, anronmental Engineer,

(919) 715-3271.

Ohio: Statewide approval was given to the AdvanTex Treatent System in 2002, and this approval was
reissued per the new regulations in 2007. Part of an EPA demonstration project, the first AdvanTex

Treatment Systern was installed in Clermont County in early 1999,
Contact: Rebecca Fugit, Ohio Department of Health, (614) 466-1390.

Oregon: Statewide approval was given to the AdvanTex Treatment System in 2002. AdvanTex was
recognized as a pitrogen-reducing system in 2607,

Contacts: Randy Trox, Oregon DEQ, (541) 687-7338; Sam Carter, Orenco Systems, Inc., (800) 348-9843.

Pennsylvania: Alternate System approval was given to AdvanTex in 2009. Approval was granted after
successfully completing the third-party field verification testing required by PA DEP. AdvanTex is alsg

recognized as a nitrogen-reducing system.
Contact: Ed Corriveau, Pennsylvania Department of Environmental Protection, (717) 705-4805.

Rhode Island: Statewide approval was given to the AdvanTex Treatment System in 2004. AdvanTex is also
recognized as a nitrogen-reducing system. Several systems are part of state or EPA demonstration projects.
Contact: George Loomis, University of Rhode Island, (401) 874-5950.

South Carelina: South Carolina does not have a statewide advanced treatment system approvals process. The

AdvapTex Treatment system is allowed to be designed and permitied as an engineered system.
Contact: Eric Taylor, Orenco Systems, Inc., (800) 348-9843.

South Dakota: Statewide approval was given to the AdvanTex Treatment System in 2008.
Contact: Jesse Kloeppner, Orenco Systems, Inc., (763) 633-1766.

FTexas: Statewide approval was given to the AdvanTex Treatment Systeny in 2003,
Contact: Eric Taylor, Orenco Systems, Inc., (800) 348-9843.

Utah: Approval was given to the AdvanTex Treatment System in 2003.
Contact: Ben Witt, Alternative Onsite Solutions, (801) 380-0103.
TRE-ATX-1
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October 28, 2011

Mr, Kevin Eberle, P.E.

McKim & Creed

Venture IV Building, Suite 500
1730 Varsity Drive

Raleigh, NC 27606

~ Re: Additional Information Request, NCDWQ Aquifer Protection Section; (Permit App. No.:
WQU0023896)

Dear Mr. Eberle,

Enclosed are comments relating to the additional information request by NCDWQ Aquifer
Protection Section concerning the UNC Bingham wastewater treatment facility in Orange
County, NC. Specifically, comments are directed toward the Soil Scientist Evaluation Report
and Agronomist Report provided by Soil, Water, and Environment Group staff.

Soil Evaluation:
1. Table 1 on Page IV states that the irrigation shall be seasonal, however, Application Item
VIL.7. states annual. Please amend for consistency.

Response: Table 1 on Page IV amended to reflect annual application.

2. Section 4.1 on Page 4 states that spray irrigation shall not occur within 25 feet of non-SA
surface waters. Per 15A NCAC 02T .0506(a), this setback shall be 100 feet. Please
amend.

Response: Table 4.1 on Page 4 amended to 100 ft. setbacks.

3. Section 5.2 on Page 8 makes not of having a Sodium Adsorption Ration (SAR) of less
than 10. Please clarify whether or not excessive salts are anticipated to be in the effluent

waste stream.

Response: The SAR proposed is less than 10 and does not constitute an irrigation hazard or
risk of soil damage. Excessive salts in the effluent waste stream are not anticipated.


https://lmp:/~.mm

4. Page 10 of the soil evaluation recommends an annual loading rate of 8.2 in/yr, however,
Application Item Vii.7. states that the recommended annual loading rate is 10.28 in/yr.
Please amend. -

Response: The Soil Scientist Evaluation Report has been amended to propose 10.92 in/yr. as
consistent with the revised Water Balance,

3. Per Application Instruction E and 15A NCAC 02T 0504(b)(4), provide a standard soil
fertility analysis for both the Georgeville and Herndon soil series.

Response: A standard fertility analysis was completed across the site and specifically at each
Ksat location which represents all soil series at the site including Georgeville and Herndon
series. A composite of these fertility data is currently provided in the Agronomist Report in
Table 2. Table 2 has been revised to include Georgeville and Herndon soil series data
separately. The complete fertility analysis for all plots is provided in the Appendix of the
revised Agronomist Report.

Agronomist Report:
1. Please note that the agronomic calculations have not been verified by the Division
because the designed effluent concentrations in Application Item I11.5. were not provided.

Response: Please note agronomic calculations are provided for annual loadings of 10.92
infyr. Design effluent concentrations are proposed at 25 mg/L total nitrogen and 5 mg/L total
phosphorus.

2. Pages 4 and 5 again make mention of the Sodium Adsorption Ratio (SAR), and
recommends that the SAR be analyzed. Accordingly, please clarify whether or not high
salt concentrations will be present in the effluent. :

Response: The SAR proposed is less than 10 and does not constitute an irrigation hazard or
risk of soil damage. Fxcessive salts in the effluent waste stream are not anticipated.

Please let us know if you have any questions about the information provided to complete this

process. Thank you.

Sincerely,

Scott J. Frederick, EI, NCLSS
Environmental Scientist
President

Soil, Water, & Environment
Group
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Executive Summary

A soil and site investigation was completed for the UNC Bingham Facility Wastewater
Treatment (UNCBWWTF) land application system in Orange County, NC. The purpose
of the investigation was to determine the potential of this property to receive secondary
treated irrigation water. The soil scientist evaluation was conducted according to
mandates set forth by the North Carolina Division of Water Quality (NCDWQ), Aquifer
Protection Section and specifically, 15 NCAC 02T .0500. Field investigations were
conducted to describe the existing receiver site according to the soils, existing vegetation
crop, geologic features, physiographic region, topography, hydrology, wetlands, and
landscape position. Water quality data and the most limiting site characteristics were
utilized for hydraulic and liquid loading calculations and recommendations. Hydraulic
loading recommendations were determined after consideration of site characteristics such
as soils, in situ saturated hydraulic conductivity measurements, hydrology, vegetation,
landscape position, and any other site limiting factors (Table 1). Loading
recommendations are provided in this report for a land application irrigation system on
the proposed receiver site and soil areas (Table 2). Hydraulic loadings were calculated
based on site specific data and accepted professional guidelines for waste disposal
(NCDWQ). Soil fertility was analyzed by a regional agronomic services laboratory
(Table 4).

Recommendations in this report are provided for the establishment of a forest or forage
land application wastewater irrigation system including results from a detailed water
balance and hydraulic loading rate analysis (Edwin Andrews & Assoc., PC, 2011). Soil
analyses of the proposed irrigation site indicate there are some nutrient deficiencies on
the proposed receiving silt loam and sandy loam soils (Table 4). The existing wastewater
irrigation constituents will provide supplemental nutrients and a consistent source of
water to growing crops, in this case a mixed hardwood forest and/or forage crop system.

Table 1: Soil Areas, Recommended Hydraulic Loading Rates for the UNCBWWTF
Land Application System Receiver Site, Orange County, NC.
Soil i .
Area acres in/wk”! gpd’ P Seasonal
1 3.56 21 2,896 No
2 2.15 21 1,749 No
Design
(SA 1 and SA2)
4,645 gpd 5.71* 4,645 No
Acreages account for setbacks from waterways, wetlands, streams, property lines, dwellings, and water supply wells for a 4,645
gind system,

Rate based on recommended application rates calculated by a comprehensive Water Balance (Edwin Andrews & Assoc,, PC,
2011).

] Based on & 7 day irrigation week.

4l Recommended maximum hydraulic loading over an entire irrigation year including constraints from storage.

5] Irrigation rate shown is the maximum that should be used in computing receiver site capacity unless or until a higher loading rate is
shown to be sustainable based on actual field performance and storage capecity limitations. Use of forest cover crop may result in
higher than estimated transpiration and drainage rates. Operators at a minimum need the permit flexibiiity to apply irrigation water at

iv




a rate high enough to sustain plant growth without causing runoff or ponding, which during extended dry periods (drought conditions)
could exceed the rates shown in the table,
* - Actual irrigable area utilized in Water Balance Report (Edwin Andrews & Assoc., PC, 201 1.

Table2: . UNCBWWTF Land Apphcat;on System Receiver Site Soil Areas,
Associated Soils, and Existing Vegetation

* Predominant Soil ERREE :
Soil Area ‘Series - Existing Vegetation .
SA-1 "_ Geotgevillé ' ©C Grass, Mixed Pine/Hardwood
SA-2 ' Herndon ' Grass

Approximately 57 acres of uplands with potential to receive municipal wastewater
irrigation were evaluated and similar soils were grouped into Soil Areas (SA). Two
different soil areas were identified within these areas, each with specific loading rates
totaling 5.71 irrigable acres utilizing a secondary treated water source. Soil Areas
account for buffers from waters of the State, property lines, as well as other site
limitations such as bedrock, shallow soils, depressions, and disturbed areas.

It should be noted that final hydraulic loading rates are based off a detailed water balance
and in situ saturated hydraulic conductivity measurements. This water balance accounts
for storage and other factors (Edwin Andrews & Assoc., PC, 2011) and local rainfall
conditions. The receiver site investigated for this evaluatlon was approved by a
nationally and state licensed soil scientist in North Carolina. It should be noted that soil
systems are qulte variable and the actual system performance and operations can be
adjusted during operation to accommodate site variabilities. Hydraulic recommendations
are based on site specific data, and attempt to account for these site variabilities, With
that understanding, maximum hydraulic and nutrient loadings are given. This report is
based on the professional recommendations and judgment of a nationally and North
Carolina licensed soil scientist (SWE Group, 2011), and reviewed for incorporation into
the permnt application submittal to NCDWQ by a North Carolina licensed professional
engineer (McKim & Creed 2011). Overall, the Bingham Facility Land Application
System is a viable alternative to discharging treated wastewater into nearby surface
waters. The irrigation of the treated wastewater will ultimately increase soil fertility and
productivity of the cover crop vegetation and will enhance adjacent wetlands and low.
lying areas with increased base flow. The information contained in this report will aid
with management of a land application irrigation system for the Bmgham Facility
receiver site.



1.0 Introduction

Under Section 02T .0500 Rules — Waste Not Discharged to Surface Waters set forth by
the North Carolina Division of Water Quality, municipalities, and publicly owned
treatment works (POTWs) can divert their treated effluent to land application irrigation
receiver sites. Land applying wastewater or reclaimed water will provide additional
freatment, and is consistent with the total maximum daily load (TMDL) program
promoted by federal and state regulatory agencies. Many county governments,
municipalities, and industries are facing similar situations with finding alternatives for
wastewater and reclaimed water treatment and disposal in nutrient sensitive regions. The
proposed receiver site is a viable alternative to a point source discharge for wastewater
produced by the UNC Bingham Wastewater Treatment Facility (UNCBWWTF) and will
provide an excellent source of irrigation water for growing forage grasses and/or tree
Crops.

2.0 Objectives

The objectives of this report are to describe the existing receiver site according to the
soils, vegetation and/or crop cover, geologic features, topography, hydrology, wetlands,
and landscape position. Recommendations will be provided for the establishment of a
land based irrigation system. In addition, a standard soil fertility analysis will be
provided and analyzed with an accompanying Agronomist Report (SWE Group, 2011).

3.0 Methodology

Per regulations set forth by the North Carolina Division of Water Quality NCDWQ) the
purpose of this evaluation was to determine the potential and suitability of selected
receiver areas to receive treated irrigation water and use this information in the permm:mg
of the facility receiver areas.

The soil scientist evaluation was conducted according to 15A NCAC 02T .0504(b). Field
investigations were conducted to describe the potential wastewater receiver site according
to the soils, existing vegetation / crop, geologic features, topography, hydrology, |
wetlands, and location. Anticipated wastewater quality data and the most limiting site
characteristics were utilized for hydraulic loading calculations and recommendations.
Hydraulic loading recommendations were determined after consideration of site
characteristics such as soils, hydrology, vegetation, landscape position, and any other site
limiting factors. Hydraulic loadings were calculated based on site specific data and
NCDWQ guidelines for waste disposal (Water Balance Report: Edwin Andrews &
Assoc. 2011). Soil fertility was analyzed by a regional soils analysis laboratory at NCDA
(Table 4).



4.0 Site Description

The UNCBWWTF is located in Orange County near the town of White Cross in the
Bingham Township off Orange Chapel Clover Garden Road (SR 1956) (Figure 1). The
property consists of several agricultural hay fields currently out of production, adjacent
and abutting regenerating and mature pine fringe forest, hardwood forest, and adjacent
mature mixed pine and hardwood forest. Existing facility structures occur on the site as
well as in entrance road, existing wastewater irrigation system and infrastructute, and a
newly constructed expansion wastewater irrigation system, storage lagoon, and irrigation
infrastructure. Several intermittent stream, wetland, and floodprone complexes occur on
the north and east sides of the receiver site. Several drainages course through the
property draining upland areas into Collins Creek, a tributary to the Haw River. The site
is located in the Piedmont Physiographic Province in the vicinity of the Haw River that is
characterized by rolling topography bisected by narrow perennial and intermittent
streams.

The soils present on the proposed receiver sites, according to the Orange County Soil
Survey (USDA, GIS 2010), are mapped as Georgeville silt loam, Herndon silt loam, as
well as lowland loam soils consisting of Chewacla series soils. These mapping units
were found on the site in similar locations indicated by the Orange County Soil Survey.
Several small ephemeral, intermittent, and perennial drainages extend away from the
receiver site connecting water conveyances on and off the site. These drainages were
delineated and appropriate setbacks established to calculate irrigable soil areas
{(Biohabitats, 2010). These drainage areas will be protected from irrigation application
with vegetative buffers that will capture and utilize subsurface irrigation water and
rainfall runoff.

Soils in the upland areas are typical of piedmont Carolina Slate Belt series soils with
considerable variability within the catena and within each soil series including depth,
color, and texture. Topography is rolling near drainages with slopes ranging from 2 to 6
percent Shallow soils were found on ridges and areas historically farmed and now in
pine forest vegetation. Soils in the lowland areas are typical of floodplain soils with
periodic flooding and inundation characterxstlcs, but very well drained adjacent to the
water conveyance.

The vegetatién on the proposed forested land application areas consist of upland pine and
hardwoods including: yellow poplar (Liriodendron tulipifera), hickory (Carya sp.),
northern red oak (Quercus rubra), white oak (Quercus alba), red maple (Acer rubrum),
black cherry (Prunus serotina), black gum (Nyssa sylvatica), sweetgum (Laquzdambar
styraciflua), sugar maple (Acer saccharum), Loblolly pine (Pinus taeda), Shortleaf pine
(Pinus echinata), Virginia pine (Pinus virginiana), sassafras (Sassafras albidum), and
other small understory woody species. Vegetation in the ficlds and open areas consist of
a variety of herbaceous grasses, forbs, and broadleaf species. Fields will either be kept



R

Source: NCDOT USGE 1:24,000 (Bi8. 2610




open and planted with perennial forage grasses such as coastal Bermuda or fescue, or will
be planted with an appropriate tree species selected for the soil, proposed liquid loadings,
and landscape posnt;on :

4, 1 Wetlands, Stream, and Groundwater Wells

A field mvestlgatlon of the receiver site revealed areas of wetlands and dramage ways
that have been delineated to avoid impacts front the irrigation system (Biohabitats, 2010).
According to regulations (Section .0500 — Waste not discharged to surface waters)
concerning wastewater land application systems using treated effluent, irrigation spray’
shall not influence within 100 feet of surface waters not classified SA (shellfish waters),
including jurisdictional wetlands. Groundwater wells have been located and buffered
accordingly. Additional 100 foot Jordan Lake buffers were also included in these .
setbacks on appropriate surface waters.

4.2 Soils IthSIigation: g

A soils in'vesti'gati'on was accomplished across the proposed receiver site. A series of 3.5
in. hand auger borings were done across the site to maximum depths ranging from 36 - 84
in. (Appendix A — Figure 2: Site Investigation Map). These borings were done to -
characterize the depth of each of the horizons, the color of the soil material at each of the
various depths, the texture, structure, consistence of the soil material within each of the -
horizons, and depth to bedrock or other limiting korizon.. These augerings were also done
to verify’ the boundaries of mapping units indicated in the USDA soil survey for Orange '
County, NC (USDA GIS, 2010). Descriptions of the augerings are included in the
Appendix (Appendix C: Soils Descrlptlons) and were utilized to make a ficld
determination of the specific soil mappmg umt and subsequent recommended hydrauhc
and liquid Ioadmgs _ _ :

The USDA Orange County Soil Survey for the site shows two (2) predommant series _
present within the irrigable soil areas: Georgeville silt loam and Herndon silt loam. -
Considerable variability in depth; color; and texture was evident across the site dependmg
on landscape position and historical agricultural land use. These variations resulted i m
subsequent variations in hydraulic 1oadmg potentials between the two soil series but not
within soil series sampling. Field investigations revealed similar locations for the soil -
series relative to the NRCS soil survey. The soils described and delineated in the ﬁeld
were separated into different Soil Areas each representing a different proposed hydraulic
loading rate. These loading rates were determined in part by detailed soils descriptions
including texture, structure, mineralogy, and consistence. In addition these Soil Areas
and corresponding potential hydraulic loadings were determined by site topography and
site speclﬁc saturated hydrauhc conductivity (Ksat) measurements.

Uplands and lowlarids were examined for the potential for land apphcatlon Soils in the
uplands are typical of piedinont Carolina Slate Belt series soils with silt loam textures,
deep soils on side and toe slopes, shallow soils on ridges, and considerable varlabﬂ:ty
across the site. Topography is flat to rolling near drainages with slopes ranging from 2 to
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6 percent. Potential hydraulic loading rates will be limited by the soil with the lowest
Ksat within each proposed Soil Area.

The hand auger bormgs confirmed that the soils mapped on the site according to NRCS
(USDA) are present in the proposed receiver areas. The majority of the soils on the
proposed receiver site consist of Georgeville and Herndon silt loam soils, with the
remainder of the lowlands consisting of Chewacla loam soils. Soil Area I (SA1) soils on
the receiver site consist of Georgeville silt loam soils. Slopes range from 2-6%. These
soils are very deep, well drained, moderately permeable soils that formed in material
mostly weathered from fine-grained metavolcanic rocks of the Carolina Slate Belt.
Seasonal high water is typically >6 ft. SA1 soils comprise approximately 62% (3.56 ac)
of the total receiver site acreage (5.71 ac).

Soil Area 2 (SA2) soils on the receiver site consist of Herndon silt loam soils. Slopes
range from 2-6%. These soils are very deep, well drained, moderately rapid permeability
soils that formed in material mostly weathered from fine-grained metavolcanic rock of
the Carolina Slate Belt. Seasonal high water is typically >6 ft, however soil variabilities
across the site indicate some seasonal perching conditions closer to the surface, probably
indicative of slower permeable inclusions. SA2 soils comprlse approximately 37% (2.15
ac) of the total receiver site acreage (5.71).

A description of the soil areas including predominant soil series, and existing vegetation
is summarized in Table 3.

Table 3: UNCBWWTF Land Application System Receiver Site Soil Area
Descriptions.

Predominant Soil

Soil Area Series Existing Vegetation
SA-1 Georgeville Grass, Mixed Pine/Hardwood
SA-2 Herndon Grass
4.3 Soils Analysis:

A composite sample of the top 0-12 inches of soil representing the irrigable upland areas
was collected and analyzed for nutrient composition by NCDA (Table 4). Soil analyses
of the proposed irrigation site indicate that there are nutrient deficiencies, especially
nitrogen and phosphorus. This conclusion is based on the potential crop response to
particular nutrients if fertilizer is applied to the site. The cation exchange capacity (CEC)
and base saturation (BS%) are low as well. The addition of wastewater to the site will
improve soil fertility and consequently the growing conditions and productivity of this
site. Additional agronomy recommendations are found in the Agronomist Report (SWE
Group, 2011)



Table 4: Composite Soil Analysis of Uplands (N=22) at the UNCBWWTF
Receiver Site, Orange County, NC (2010)'.
' P K Ca Mg
Depth pH | ppm " ppm ppm. ppm CEC® | BS%*
(Index)? | (Index) (%) (%) “

Georgevillle ' '
0-6 in. 6.0 (5. 66.0 228.9 115.4

4.9 (5.0) (33.8) (35.1) (17.9) 6.1 55.6
6-12 in. 23 47.6 ' '161,4 102.3

5.1 (1.9) (24.3) (29.3) {18.6) 53 50.1
Hetndon '
0-6 in. 51.3 T0.7 212.6 82.2

. 4.71 (42.1 (36.1) (34.4) (13.1) 6.1 50.7

6-12in. 9.8 65.2 183.7 "96.1

5.0 (8.2) (33.3) (33.0) (16.8) 5.5 82.7

' Laboratory Soif Test Reports (2010},

* Index values reported by NCDA (2010) http:/fwww.ncagr.com/agronomi/pdffiles/ustr.pdf

? Cation exchange capacity (meq/100g) — defined as the amount of cations adsorbed on soil-particle surfaces per unit mass of the soil
under chemicalty neutral conditions.
* Base saturation - defined as the percentage of the CEC occupizd by base cations

5.0 Hydrology

5.1 Liquid Loadings

The liquid loading limit represents the amount of liquid (in/wk), which can be applied to

land receiver sites, including nutrients. These values are represented as the annual,

monthly, weekly, and hourly maximum loadings that can be assimilated on a wastewater
receiver site. A water balance was calculated for each Soil Area to determine suitable
liquid loadings according to the in-situ properties of the site that most influence these

loadings.

The soils present are generally silt loam soils with slopes ranging from 2-6% on Soil
Areas 1 and 2. Wastewater should not be applied at an instantaneous rate exceeding 0.5
in/hr on Soil Area 1 and 2. The maximum instantaneous loading rate was determined
utilizing published infiltration rate data for the particular soil and landscape position at
the existing wastewater receiver site (Sprinkler Irrigation, 1969). However, these
numbers are somewhat conservative given the acceptable range of maximum
instantaneous loading rate for these soils and ideal site conditions and can be increased up
to 50% under ideal conditions (Table 5).

Table §: Typical Ranges of Soil Infiltration Rates by Soil Texture and Slope.
Basic Infiltration Rate (in/hr’)
Slope

Texture 0-3% 3-9% ! 9+%



http://www.ncagr.com/agronomi/pdffiles/ustr.pdf

Sands 1.0+ 0.7+ 0.5+
loamy sands 0.7-1.5 0.5-1.0 0.4-0.7
sandy loams and fine 0.5-1.0 0.4-0.7 0.3-0.5
sandy loams ‘

very fine sandy loam 0.3-0.7 6.2-0.5 0.15-03
and silt Joam

sandy clay loam and 02-04 0.15-0.25 ' 0.1-0.15
silty clay loam

clay and silty clay 0.1-0.2 0.1-0.15 <0.1

Source: Sprinkler Irrigation Association, Sprinkler Irrigation (1969)
1. For good vegetative cover, these rates may be 25-50% greater. For poor surface conditions, rates may be as much as 50% less,

During the soils investigation, the most restrictive soil horizons were noted to determine
the appropriate Soil Areas and to estimate or measure saturated hydraulic conductivity in
these restrictive horizons. Saturated hydraulic conductivity (Ks.) values were obtained
from 22 sample points across the receiver site using a portable constant head
permeameter (CHP) (Table 6). Test locations for soil hydraulic conductivity are shown
on the site investigation map in Appendix A. From the site specific data, the Ksats for
Soil Areas 1 and 2 were determined to have a geometric mean of 0.04 in/hr and 0.033
in/hr respectively (Appendix B — Saturated Hydraulic Conductivity Data) (Water Balance
Report — Edwin Andrews & Assoc., 2011). Due to site variabilities and to improve site
operations, the lowest geomean Ksat was selected to represent both soil areas. Therefore,
both soil areas will be loaded at the same rate across the site at .033 in‘hr (Edwin
Andrews and Associates, 2011). These values represented the soil hydraulic
characteristics of the irrigable soils and were incorporated into a comprehensive water
balance. (Edwin Andrews & Assoc., PC, 2011).

It should also be noted that a forested land application system design was selected for a
portion of this receiver site to maximize evapotranspiration, and improve soil quality;
including structure and vertical and horizontal hydraulic conductivities. Root channels
from the tree cover crop effectively improve the hydraulic conductivities of soils found
on site above what can typically be calculated from discreet CHP data points and as
reflected in the Ksat values used for each soil area in the water balance.

Table 6: Average Saturated Hydraulic Conductivity (Ksat) Data for the

UNCBWWTF Receiver Site.
Average Depth
Soil Area Horizon (in.) cm/hr in/hr *
1 Bt 19.8 .08 0.034
2 Bt 19.3 07 0.033
SAl &
SA2 ' .033

1.} Based off Ksat data collected across the project site for each Soil Area (Appendix B - Saturated Hydraulic Conductivity Data)
(SWE Group, 2010 and Edwin Andrews & Associates, 2010) )
*Water Balance conducted by Edwin Andrews and Associates, 2011



Depending on zone layout and design it is recommended that some type of automated
system be installed to allow efficient use of varying soil areas and irrigable areas. All
irrigable soils (Figure 3 - Irrigable Soils Map) should be managed for irrigation
according to antecedent rainfall and time of year to minimize ponding and runoff
potential.

3.2 Wastewater Characterization:

The proposed secondary effluent irrigation water can be described as containing varying
levels of essential plant nutrients, organic compounds, trace minerals, and potentially
phytotoxic compounds. Each of these wastewater constituents are assimilated or
transformed on a receiver site through physical, chemical, and biological processes. The
irrigation water proposed for application on this system will go through a series of -
pretreatment stages preparatory to slow rate irrigation on a dedicated receiver site.

Additional sampling and monitoring of wastewater and soils on the receiver site is
recommended to ensure optimal performance of the proposed irrigation system.,
Irrigation water should have SAR values < 10 to avoid potential salting problems in the
soil. Periodic application of gypsum may be required as a corrective measure if the SAR
is consistently above 10. The proposed effluent is anticipated to have SAR values safe
for irrigation. Proposed data from the design facility indicates low levels for N and P in
treated effluent. Therefore, supplemental nutrients may be required.

5.3 Wastewater Remediation:

Irrigation water will be utilized in several ways on the receiver site. Some water will be
lost directly by evaporation of the water from the sprinkler heads. Water will be lost
through transpiration by vegetation, evaporation from the vegetation and soils surface,
and percolation through the soil profile. Any excess nutrients in the wastewater will be
treated through microbial processes, plant uptake, adsorption to soil solids, and
biologically mediated chemical transformations (i.e. denitrification). Based on the
wastewater analysis, there is little potential for percolation of nutrients below the root
Zone.

5.4 Water Budget:

A water balance was calculated by Edwin Andrews & Assoc., PC based on specific site
data and utilized as an aid for system design. This water balance can be represented by:

Evapotranspiration + Natural Runoff + Drainage = Precipitation and Irrigation
Drainage rate was estimated based on qualitative observations, soil chemical and physical

data, and site specific hydraulic conductivity data (K). Long-term precipitation values
used in the water balance represent the wet-year for the region (Chapel Hill, NC).



Evapotranspiration data was utilized from data determined by the Thornthwaite method
for calculating PET, one appropriate method for the Southeastern region.

The estimated water balance calculations illustrate the amount of wastewater that can be
applied to the receiver site under wet rainfall year conditions, given there are no nutrient
limitations. The facility should be designed to handle larger flow volumes when
antecedent moisture conditions allow for additional irrigation such as during dry rainfall
years, When irrigation water cannot be sprayed due to weather or site conditions, the
water is put into storage. The water balance is used to optimize wastewater loadings and
allow removal from storage. The drainage rate used is based on the K 0f the soils. In
determining the water balance, the percolation rate (Pw) was estimated to be
conservatively, .04% of K for Soil Areas 1 and 2. The EPA method (EPA, 1981)
adopted by NCDWQ recommends that the drainage rate used is between 4-10% of the
saturated hydraulic conductivity (Ksz) of the soils. This percoiatxon rate is recommended
for this system based on the potential accumulation of organic matter and migration of
fine soil particles during the operation of this system, as well as the time of year that
saturated hydraulic conductivity measurements occurred. The Kq used to determine
drainage represents this expression of organic material and soil fines, as well as the
existing soil characteristics such as structure and texture found at the proposed receiver
site and soil moisture conditions at the time of measurement. '

1t should be noted that K. values for discrete locations in Soil Areas can understate or
overstate actual hydraulic dynamics across the site due to extensive tree root systems,
root channels, and improved soil quality characteristics from these root systems; such as
soil structure, % organic matter, and soil macro fauna channels.

The water losses are evapotranspiration (ET), drainage, and rainfall runoff. The potential
additions are rainfall and irrigation. The method used for the water balance uses the
wettest conditions over a long-term period as measured by the 80" percentile
precipitation data for each month. Actual irrigation rates can double under drier
conditions than those used for the water balance. In addition, ET would increase with
decreasing rainfall and thus increase the amount of irrigation water that can be utilized. It
should be noted that expected ET values for the forest system are much higher than ET
data used in water balance calculations. Operators should be given sufficient permit
flexibility to allow additional hydraulic loadings to take full advantage of the benefits
provided by the forest or forage cover crop and to ultimately meet the maximum potential
hydraulic capacity of the system without resulting in runoff or ponding.

6.0 Environmental Effects

When managed properly, there will be no adverse environmental effects from the use and
operation of the proposed UNCBWWTF land application system receiver site. The
irrigation water used will be effectively treated by the receiver site and growing crops
before these waters enter surface and/or groundwaters. The use of this irrigation water
will ultimately increase soil fertility and productivity of the site, as indicated by soils -



analysis and crop productivity, and will enhance adjacent wetlands and low lying areas
with increased base flow. If managed properly, the existing wastewater land application
system will have no adverse impacts to groundwater supplies or surface water supplies.
The addition of water and nutrients to the site will benefit wildlife throngh increased
biological activity in adjacent wetlands and low lying areas, and the irrigation operation
may actually contribute to base flow in this river system.

7.0 Results / Discussion

The soils investigated at the UNCBWWTF land application system receiver site are
suitable for wastewater application. The best soils are deep, well-drained, and have
moderate permeabilities. The soils were grouped into two (2) separate soil areas, each
with specific loading rates (Table 7). A geometric mean loading rate was utilized using
the most conservative soils on site thereby combining all soil areas into one design Soil
Area.

Fable 7: Soils, Irrigable Area, and Recommended Wastewater ILoadings for the
UNCBWWTF Land Application System Receiver Site.’
Soil Predominant 1
Area  Soils acres” infwk” gpd” ! Seasonal
1 Georgeville . 356 21 2,896 No
2 Herndon 2.15 21 1,749 No
Design * SA1&?2 3.71 21 4,645 No
1 Acreages accoust for setbacks from waterways, wetlands, streams, property lines, dwellings, and water supply wells for a 4,645
%Td systerm. '

Rate based on recommended appliaatioh rates ca]cuEa't'ed by a comprehensive Water Balance Report (Edwin: Andrews & Assoc.,
PC, 2010) and local wet rainifall year data, :

Based on a 7 day irigation week,

4 Recommended hydraulic loading over an entire irrigation year including storage constraints,

5] Trrigation rate shown is the maximum that should be used in computing teceiver site capacity unless or unsil a higher loading rate is
shown to be sustainable based on zctual field performance and storage capacity limitations. Use of forest cover crop may result in
higher than estimated transpiration and drainage ratés. Operators at a minimum need the permit flaxibility to apply irrigation water at
a rate high enough to sustain plant growth without causing runoff or ponding, which during extended dry perieds (drought conditions)
could exceed the rates shown in the table. ‘ '

* Actual irrigable area fitilized in Water Balance Report (Edwin Andrews & Assoc,, PC, 2011).

Saturated hydraulic conductivity tests were performed to determine the permeability of
the most restrictive horizon. These measurements were obtained from selected sample
points across the site. These values were used to determine the hydraulic loading
capacity of the receiver site. The most restrictive horizon in these soils have saturated
hydraulic conductivities ranging from .29 to 0.01 in/hr for all Soil Areas. The most
restrictive saturated hydraulic conductivities were determined in the Bt horizons of all
Soil Areas.

According to the final Water Balance Report (Edwin Andrews & Assoc., PC, 201 1) for
the selected receiver site, existing soils and vegetation can accept maximum hydraulically

10



limited liquid loadings of 10.92 in/yr applied to Soil Areas 1 and 2 (4,645 gpd).
Recommended weekly application is .21 in/wk for both soil areas based on local wet year
rainfall data. Actual loadings may be adjusted in the future according to site speclﬁc
characteristics, system operation, and storage modifications.

Overall, the site is a viable option for wastewater application. The irrigation water
applied will provide supplemental nutrients and a consistent source of water to growing
crops capable of producing large amounts of biomass and providing favorable soil
conditions to enhance adsorption and denitrification of phosphorous and nitrogen
respectively. With proper site management, hydraulic and nutrient loading management,
the site will perform as a means to treat and assimilate wastewater irrigation water and
protect surface waters entering the nearby river basins.

11



8.0 References

Edwin Andrews & Associates, PA, 2011. Water Balance Report. UNC Bingham o
WWTF Land Application System. Orange County, NC.

Evans, R.O. 2001~prcsent. North Carolina State University — Bioiogicai and Agricultural
Engineering Associate Professor and Department Extension Leader, Water Table
Management and Water Quality, Raleigh, NC (personal communication).

Rubin, A.R. 1978-2004. North Carolma State Universnty Biologlcal and
Agricultural Engineering Professor and Extension Specialist, Waste Management,
Raleigh, NC. (personal communication)

Section .0500 — Waste Not Discharged to Surface Waters, 15A NCAC 02T .0504 (b) -
Soils Report. G.S. 143-215.1; 143-215.3(a)(1); Eff. September 1, 2006.

Soil, Water, and Environment Group, PLLC, 2011. Agronomist Report. UNC Bingham
WWTF Land Application System. Orange County, NC.

United States Department of Agriculture, Soil Conservation Service. Soil Survey of
Orange County, North Carolina. GIS Web Survey, 2010.

United States Environmental Protection Agency. 1981. Process Design Manual, Land

Treatment of Municipal Wastewater. Published by USEPA Center for
Environmental Research Information. Cincinnati, Ohio 45268.

12



APPENDIX

13



APPENDIX A

Maps



A B

Source: SWE. UNC, McKim & Crd Gis




L



o T

Source: SWWE, UNG. McKim & Creed GIS (2041




APPENDIX B

| Satiifated Hydraulic Conductivity Data



[Ksat Data Sheet | I
]
Plat: ]Esst—! Canducted By: SIF
ﬁsation: Bingtem, read Crate: 376110,
Weathe:: it Tamnp: 75
Soit GetiesiHorizon:  [Georgeville Suutce of Waler:  Hap
Ksat
Piat het ’ " o H Hir o | deun §1-0N | 20N | dour AMR AT femid) | Kast (inf)|Keat {infd)
hlizi 48] 3.0 104 58 15 5 43 32 yes 33 211 0:36:00 213 5.03|
&5 3.0 10 54 15 5 A3 31 es| 33 121 0:36:00 .02
48[ 300 10l s 15 gj 4 B yes 33 o.s] 0:30:90 051 801
48] 3.6, 19 58] 15 5 &Y 33 yes 33 1.01 0.92]
48] 3.0 18 58 15 5 43 33F  yes| 33 K I 1.01 0902
48 3.9 k1] 56 15| §J 43 33 05 33 101 402
48] 3.9 40 58 15 -l 43 33 g5 33 1.0 U:SG:E?J l 1.8% .07
10148 D068
2B §3) 348 1G] 198 1‘5" 3 24 84 yas B4l 1.6| 04500 £.68 2.0%;
39 3.0 i 102 153 5 94 &4 yes! B4 3.0]  G:390:00 15.87 026
89| 3.0 kil 108] 15[ Sj G4/ B4 ¥&5) B4; 3.6] _0:30:03; 19.17) 231
98 39 30 163 15 Sg 54 B4 yej 84 34 0:30‘.06! 18.19] 0.3p]
- 17.5696] 0,241

hd = Hole depth {em)

I = Radius of the hofe (diadR) {cm)

13 = Distance between reference lovel aad soil surface (om)

£ = Distance fom the hole bottom to the teference fevel (hd+s) (om}

Hi = initial desired watar depth (head) In hole (om)

Hir « Ratio of head {0 radius of hole {mustbe 2 5)

di = Constam-head tube setting, intial  measured i hote (& = D-Hi} (om) -usualiy § om eas than calsulated di
dsur; = inttial distance fom water sufaze te ground (hd - Hi)

1+ON = J-way valve umed to 1-ON (CF = 20, multiply CF $mes A MR to abiain volume of flow)
20N = Jaamy valve fusned ta 2-ON (CF = 185, multiply CF tmes A MR to obtain velume of flaw}
deur, » Final distance from water surfaza to ground (steady state)

df = Finat d measwed in hofe {dsuz + 76) {em} ~ should be within 1-2 om of of

HY- Final wates depth in hole {HE « Ddf} (om}

MRi = Iniial meanusing reservolr roading (em)

Tt = inftial ¥ine to record Fmeatring ressrvait evel drop (min.)

HIRS = Final measuring reservoll reading {om}

Tf = Final $me to record measuring reseivol kavel drop (i)

A MR = Change In measuting reservalr level (cm)

4T =Change in ime for measuring reservalr water drop (min)

W = fow valame (em™)




[Ksat Data Sheet i ]
‘El_o_t }isai-z Cunducid By 85?;
Location: Singhtam - faldiroad Fﬁg: A0
Weathar, Pﬁ\! iTemp: FE
@—M_@ Ewe_ TWatst; tapt
Ksat

Blot hd Hi Hir df dsuy 1 S-ON | 2-ON | dsur, af HE Ll Ti MRE T A MR AT v cf ¥ {emminQ {em¥ng| Keat (emiy| (emvid) | Ksat {inh)] Ksat (in/d)

ikl 1:36:00; 0.8% o 0.38]

3470 12:05:00 0.7t 0.61 O.Zj

12:35.00 £.61 0.01 024

0.51 0.04 024

051 201 524/

281 .01 .24

GBOBS| C0100) 0.2388

B 0.35] Go% 0.14]

G.53] 2.0t 0.2

syl oot 021

160 003l 063

213 0.03] 0.84

4.8}

10853 2.112 269 0.04/ 1.06:
1.8 . 105.0] o.411
1.8 24.5) 0.100
21 126.0 0.133

e = Hole depth fem)
£ = Radius of the ol {dia £2) (cm)

rs = Dislanca batwsen zaferance lavai and sofl surfaze {ory

istance fram the hole bottom to the reference lavel fhd+s}{om)

i = infliel desired water depin (head) in hote (om}

Hir = Ratle of haad 1o radiue of hole {must hax 5)

di = Constant-head tubs satting, indat & maasyured in hole (di = D-Hi} (om] - usually 1 er loss than caleulsted g
Gsur = infiaf distance from water surface to graund $hd - Hi}

-GN = 3oway valve turmed to 1-0M {CF = 20, muiltiply GF timas 4 MR to obtsin volusme of fow)

2-ON = F-way valve rned o 2-0ON {CF = 105, multiply GF times & MR to obtain voluma of flow}

deuy, = Fina} gistance from watar surface to ground {steady stale}

df =Final & maasyred in hole {dsuy + £s} {em} - shoukd be within 142 cm of di

Hf - Final water depih in ofe (HF = D-df} {2m) .

MAI = Initial measyring resenvoir reading (em)

Ti = Initial time 1o recozd measuring reservalr iovel drop [min )

inel eesasuting reseveir regding {om)

2l e to record measuting reservolr lave! drap (min}

A MR = Chatigs In measusing reserveir level (om)

AT = Change ia time for measuring reservair water drop {mia.}

V = fowvakime fom}




tid = Hele depth (om)

r= Radivs of the holn {dfa2) (cin}

m = Digtance batwaen reference lavef and soft surfaca (cm)

[ = Gistance fom the hole bottom to tho refarence fevel (hd+s) (cm)

Hi = Initiat desired water dapth {head) in hole (cm)

Hir « Ratic of head 1o radius of hele {mustba » 5}

i = Constant-head tuba selting, inftial d measured i hole (6 = D-H9) {cm) - usually 1 cen fees than calculated di
sy = {nitial distance from water surface to ground (hd - Hi)

1-ON = 3-way valve turned to 1-ON (CF =20, mutiply GF tmes A MR to obtain volume of fow}
2-ON = 3.way valve turned %o 2-ON {CF = 195, multiply GF fimes & MR to ghtzin voluma of fow)
dsur, = Final distance from water surface 1o ground (steady state}

df= Final d measused in hole {@suty + 8} (om) - should bie within 1-2 ¢m of &

HI - Final wates depth in hela {Hf = D) (o)

MR = Initial messuring recarvair fezding {sm) .

Ti = Inital ima to record measuring resetvoir fevel drop {min.)

#RE = Fina} menstting eeservolr raating (em)

Tf= Final tine to record measuring reseiveir level drop (min}

& MR = Change in maasuring reservair level {cm)

AT = Change in §me for messuing reseivelr water drap (ming

v = fiowvolume (cm’)

Ksat Data Sheet ]
|
Sial: I'I'Esat 3 Conducted By: SJF)
Location: Bingham - front read Dats: 42D
(FEamern cloti Temp: 58]
Soll SeresiHorizon: |Ge {Seurce of Water: tap
Plot hd t s D Hi s di | dour, | ton | 20N E dsur MRF " aT CF i@ {em’imin}}@ om’m)[Kset cmm)]  Ksat{em/d) | Keat (k) |Ksat (/)
ﬁgﬂ 52 3.0 0] 52 35 S 47 37| yes 7] &7 41.6) 19:48:00 £:30:00 195 189.0] G200t 4.7?_1 0.08] 1.88]
& 47 37| ye_si 37, 473 41.0| 11:18:80 0.30.¢0/ 12§; 126.0 06.133: 3.19 0,05 1.25
5 LH 37| (23 37 14 11:48:G0 2:30:60 10% 84.0 0.089 213 0.03 9.84;
§i 47 37 yEE 371 47, 12:58:80 0:30:¢0 42! 105 213 0,03 .84
5 47| 37| s 37] &7 12:48:60 0:30:80/ 63 105 3.1_9_§ 0.05] 1.26
5 47) 37 EE; 37 47 39.1| 13:48:80 :30:60 185 2.68 0,04 1.05¢
_‘| 5 47 ar yes; 37 A7) 4|  1:48:80 0:30:0 103; 147.0 ﬁ.155¥ .73 0.08 1.47/
52 3.0; 0] GZl 15 5 47| 7] !es§ 37 L 28.4| 2:58:00 9:30:80 1051 0.0 £.000] 2,60/ 0.0 2.89
6.1153; 23395 GMQEJ 11178




[Ksat Data Sheet | |
i
iﬂ{ Kegid CGM
[Bir_\q?&am( foad Dats: 471 :u:l
lsunny Tomp: 73]
Ge (shallow) S ource i Waler: tap
pigt ha t = D Hi Hir di | dsun | 1ONf2ON|dsen | ar b s | wa n MR Tt | amMR | ar v CF [ (cm’fmin)|Q {om’/n}|Ksat (onvhy} Ksat (cmid} [Ksat (n/h)| Ksat @nid)
/Bt a7} 3ol 0l 57l 15 5| 43| 2 yest 32l 4zt 50 se0] samoel  355] toagool oS! osgosl  sas 0411 288l 004 1,05
47t 3al a0l s7| 1§ sl 20 3 yoo| ~ 32[ 42 15{ 3550 101000 0:40:00, 240 .04 u.sj
ari aml 0l  s7l 15 5] 420 a2 yes| 32| 4p 15! 2400 105000 03800 256 .04 mﬁ
47t 3ol 10 57 1§| sl aal 32 yes| 32|  aa] 15l 244l 112080 0:30:00 243 0503 084
47 33] 0 57 15 5; 420 3 yes| 32l 42l 15( 40l 11:50:0 D:30:00 243 .03 o84
47t sel | 87 15| s 4l yes| 32l 42| 151 338l 1zebog 0:30:00 243 .03 084
47 3.g§ 10| 57 1_5J g wl  a yes] 32l 42 45| sazl tzsnon 4 8:30:60 2.13] 5.03 984
29286 0.0348]  0.9384)

kd = Hele dapth (em)

T= Radius of the hole iia ) (om)

15 = Distance hetweon reforence lovel and sofl surface (cm)

I3 = Distance from the hale bottem to the reference ieval (hd+rs) {em)

Hi = Initial desired water depth (head) in bole {om}

Hir = Rafio of head to radius of hole (must be = 5)

di = Constant-haad tube setting, inital d measured in hicle {di » D40} {cm) - esually 1 cm less than caleulated di
ceur, = initiat distance from waler sudzce to ground {hd - Hil}

+ON = Sway valve utned to T-CN (CF = 20, muliply CF timas A MR 1o obtain volume of flow)
2Z-ON = Joway valie ined fo 2-0N (GF = 108, mufliply CF times A MR fo obtaii velume of flow)
deur, = Finatdistanco from waier surfzce to ground {steady state}

df = Final d measured in hole (dsury + 15) (cm} ~ shoukd be within 1-2 cm of i

Hf ~ Final water depth in hicla (4 = D-df} (cm)

MRS = Initial measutisg resevsit reading {cm)

#i = fraal time to record measusing resesvais foval drop {min,)

MRF= Fina} measuring resentoir reading (cm)

Tf = Final time to zecord saasuring fesenvoir jevel drap (min.)

A MR = Change in measuting resemvolr level (o}

A T= Change in ime for measuring resanvoir water grop (min)}

V = flowvelume (e’



[Ksat Data Sheet ! |
t
lﬁat Knald Conducted By! SJF
Cocaticn: [iiinggam road Date: A6
Weathar: SURNY Tempi 65
Sofl Senies/Horizon; iyellow drewn (Hemdon} [Eowae of Water. linp
Piot hd r s ] Hi i & | dour | 1-ON | 2ON | dsur | ot wo| oma i MRf 1 AMR | AT v GF @ {emimin}]Q (e[ Keat {emiy]  Ksat (omid) | Ksat (inn}{Keal {inid)
184 15 es] 25 35] 15 45.0! 19.00:00] 44.5| 10:36:00 1.5} ®:3g¢00| 5575 106 5.3 315.0 0.333 789] 5.13 314
15 15] 4455  10:30.00] 43.4] 1%:06:00 1.3F  G:30.00) 9155 185] 38 2310 0.244 §.85) D.10: 2.331
15 15f 4341  11:00:00 4231 11:3¢:00 1.5F  G:30:00] 1159 105 38 231.0 0244/ 586 .10 231
15| 15§ 423 11:30:00 | 12:00:00 0.75  £:30:00 735 105] 24 147;} 0.155 .13 [J.U;t .47
15 50 388 12:20.00 38.0f 12:50:00 0.8 0:35:001 945 165 32 185.0 0.260 4.79 0.08 1.88]
15 %51 38.2]  12:50:80 37.31 12:20.00 0.1 0:39:.00 73.5] 16% 235 147.9 8,155 A7 0.08] 347
AR 34 10 50 15 55; 73| 13:20:60 36.8] 13:59:00 0.7] 03050 735 189 24 !47;0_1 0,155 3.73 D._G_@l 147
4G 34 10 Sﬂl i.’lj $5] 365 1350380 35.8] 1820006} a4 63000 735 10&[ 2.5 %70 6,755 3.73] 0.06] 147}
01563 37268 0.8511 14673

h = iole depth (em)

+# Radius of the hofe {de 2} (or)

75 = Distance batween reference lavel and soff surface (cm)

D = Distance fom the hole boftam to the reference level thdirs) (gm)

i = jnitiad desited waler depth {head) in hole (om)

H/r = Ratio o1 head tc radius of hole (mustbe 2 5}

&= Constant-heed tube selting, initial d maasured in hole (di = D-H} (om) - usually 1 omless than catculated di
daur, = Inftial distance from waler sutfase fo geoumd thd - H)

1-ON = 3uway valve tumert to 1-ON {CF = 20, multiply CF times A MR to ablain volame of flow)
20N+ 3-way valve tumned to 2-ON {CF = 105, multiply CF fimes A MR 1o obtain volume of flaw)
dsaity = Finat distance from water sutface to ground {steady state)

¢f = Final o ressuned in fiola (dsar + r3) {om) -shoukd be within 1.2 cmof di

Hf - Firel water depth in hole ¢HF = D-df) (em)

Mt = Inilia! measuring zeservolr reading (om

Ti = Initizl time to record measuring reservolr lavel drop (min.}

MRT = Final measuring reservoir reading {cm)

T#= Finak #me to record measuring resarvai levet drop {min.)

A MR » Ghiange in messtring resesvolr level {om)

AT = Change in tme for measusing resenvolr watar drop (min.)

V= fiow vakme {em’}




[Ksaf Data Sheet ] i
!
Flot !’Esaz-s Conducted By: SJF
Logation: Bingham, roag Uate: 4:‘12.'20!
IWeathes: [ sunny Temp: 60
50d Seriesfriorizan: lylw. bin, (Hemdon}-swale Ssurce of Wator: Itap
]
Bt hd r s 2] Hi Hir o dsur; | 1-ON | 2.0N | dsun dt Hf i kil MRf T{ 4 MR AT v CF {emimin) Q(cm’!h) Ksat(emif)| Ksat{omid) KB&!Mh}leal(Md)'
148t 54/ 3.0' 1o &4 135 Kl 43 35 443 10:15:00 43.8( 10:45:00, . ;3G 195 2.66 0.94; 1.05
54 3.0 10 64 15! 5 A9 38 438 13:45:00‘ 434 1 ; 105 £.B4
54, 34 19 £4 15 5 49, 39 2 105) &.42
g4 3.8 18 54 18 5 a1 108 D42
24 38 16 54 15 5| 21 105 0AZ;
54 3.0% 10 &4 15 § 21 165 .42
4192

b = Hale depth {om)

r= Radius ofthe hole (dia 2} (cm)

rg = Distanze batwaen refarense leves and soll susfsce {om)

= Disfanse fom the hole botiam to the reference lavel (Re+is) (em}

Hi x |nitial duited water depth (head) in hola (sm)

Hir = Ratio of head to radius of hole (must be & 5)

di = Constant-head wwbe setting, inffal d measured in hole (41 = D-HI (em) - usuatly 1 om lass than cofculated di
dsur; = Initiak distance from water surface to ground (bd - HE

10N = 3opay valvs tamed to QN (GF = 20, muliply ©F imes A MR 1o obtain volums of fiow)
2-ON = Joway valve fumed to 2-0N (CF = 105, muttply CF times A MR o oblain volume of fiow)
dstr; = Final distance from water surfece 1o greund {sizady stats)

of = Final d measurad In hole (daur, + 1s} (¢m) ~ should e within 1-2 cm of di

Hf- Fital watar dapth in hole (Hf= D.df} (om}

MR = [nitial measuring resewvalr reading (sm)

Ti = Initial ime to reserd mensuring resenvoir level drop (min}

MRS = Final measuring resenvols reading {om)

Téa Final fime to record measuring reservelt favel drop (min.)

4 MR =Change in measuring reservoir leved (om)

AT = Change in Sme for measusing retervolr water drop (s}

V= flow volume {om™)



Keat Data Sheet

Plat Conducted By:
Locatien: Dale:
Weathar: Temp:
Sl SeneeiHenzon. [Ge Source of Watsr:
Ksat
Plat s Hi Hir T MRE ki AMR v Keat i}l (crvd)  |Ksat fnih); Ksat (in/d)
1Bt| sl 308 18] 5 10:08:00 445 10:35:@1 147 0311 745 o1z 283
38| 3.0 15] & 18:38:00, 43.5] 11,08:00 105 0.222 5.32 DQ 4
38| 3.0 k] k) 11:08:00 43.1] 11:38.00 42| 0.088 213 0.93:
3g 3.0 15 5 14:38:00 426| 12.08:00 0.5]  $:30:00 525 &.111 268 0.94
38] 3.0 15 5| 12:08:00 41.8] 12:38:00; 0.8] 0:30:92 B4 g7t 426! a.a7
38 34 15! 5 $2:38:00 41.3[ 13:08:00; 85 5245 .11 268 0.04
3_B| 39 15 5 1:08:00; 4081  1:38:0%: 0.5 525 0114 286 .04
.30 w1 5 sasvol 4030 208001 09 525 3,111 265 004
hd « Hole depth {om) 01108 2.88] 0.04)

1 = Redius of tha hole {fla/2) (om)

15 = Distance hatween referensa lovel and sofl surface {om)

1y = Distante from tha hofe battam o the reference level (hdtra} (om)

i = Initial desired water depth (head) in hele {om)

Hir = Ratlo of head to radius of hola (must be 2 5}

di = Constani-head Ruba setting, initiel d measuted In hole (di = D+Hi} {om) - usually 1 cm less than calcuiated di
dsur; = kil distance from water surfave to ground G - H)

1-0ON = 3.way valve tumsd to 1-ON {CF = 20, multiply GF times & MR to obiain volume of flow)

2N = 3avay valve tumed to 240N (OF = 105, uliply CF timas & MR fo obfain volurne of Aow)

dsuz, = Final distatce fom water surfaca to ground {sleady stale}

df = Final o resasured in hole {dsar + 25} (ctvi) - shauld be within 1-2 em ef di
HF- Final water dapth in hole (i = D-dl) (o)
MR = friitial messuring 7esenvelr raading (om)

Ti = etk e bo recond measusing reservair level drop (min)

Ma1 = Final measuring reseivoif reading {om)

¢+ Finalime to eecard maasuring reservolr lsveidrop (min,)
A MR = Changa in measuring reseveir Jevel (zm)

4°T = Change in fime for measuring resenoir water drop (it

V = flow voluma (em®)




Ksat Data Sheet | ]
I 5
Pior Ksatd C: By IS
tocation: ingham, New sile Date: 4!1311_01
Waather sun Temp: £5
Soil SesesfHotizan’ {Pacolal isawce ofWater, itap
Plgt d T s D Hi Hiz di dsir £ 1-ON | 20N | dsu of Hf Mgk Th MR! Tt A MR AT N cF  [@endimin Q (cim’h) Ksat femvb}]  Kesat(emvd} | Keat fisuh}| Kaat (infe)
178t 47 ag 1% 38 1_51 §! 43| =) yes 32 43 15_| 411 140004 1.0 57.3; 0.061 K 0.62

47| 3.0 1% 58 a5 5 43 32 yes 3z 43 18] 408 1.0 §3.9 0.067

47 3.0 1 58 15 51 4 32| YOS5 32 43| 15 405 iGI £3.9 0.087,

a7 3.91 kil 55 15 El 431 32 ¥ES; k] 43] 18] 1:40:00 3991 121060 1.4 £3.0 B.087;

00850

hd = Halz dapih {om}

1 = Radius of the hele (dia 2} {om)

s = Distance between reference jevel end sol sutface (om)

D = Distange from the hole boftam to the reference tevel {hd+s} (em)

Hi= inttisd demivad water depth {head} in hole {om)

M/ = Ratic of head to malus of hote {must ba = §)

di = Constant-hazd tube gelting, initsl ¢ measured In fole (¢ = D-H3} {om] -usually 1 om less than calculated di
duu; = inftia} distance from water surface to ground (hd - Hi}

1-ON = Bway vaive tumned to 1-ON (OF = 20, muffiply CF times A MR {o obtaln volume of flow)
20N = 3ovay valve fumed to 220N (CF = 105, multiply CF times A MR to obtain volume of fiow)
dsure = Final distance fom walar sutfass to ground (steady slate)

of = Final d meaeired in hole (gBur; + 5] (om) - shoidd be wihin 1-2 cm of di

!+ Finai waler depth in hole (H]= D.df) {em}

MR = inftial measuting teseivolt reading fom}

T = Indllat tima to record measuring rasesvolr level drop {min.)

MR! = Final measuting resesvolr reading {em)

Tt = Final time to record maasuring regesvoll level diop fmin,)

A MR = Changte in measusing reservalr levet {cm)

AT = Chanrge intime ©r measuring reservoir water diep {fin)

v = flow volume (o} -



[Ksat Data Sheet | !
Plot: Ksat-g Condur:tléd By! EJF
Location: Bingham, New site. | A1E319
E:lihur: [smny Temp: i !
Sas Serigallicizot: |3aco§ek FSuurce of Waier: JE2p
1
ot hd : s | D} oH Hir o | dous | 10N 2ON| deun [ & | HE F M 7 MRS T fama] av v | or | cm¥min) {0 {om®m)|Keat emh)| Ksat(emid) |Ksat (am)iKaat (i)
1484 42 3.0 0] 52| 15 5 37 27] yes 27| a7 30:27:.00 43.7F 11:00:00] 6.3 14t 7.3 0.081 1.45; 0.02; .57,
421 3.0 10 52| 15 5 37 271 yes 27, 37 11:886:09 43.3: 11:30.0C .41 1.4 84.9 1.089] 2.531 0.93; 0.54]
42 3.9 10 52 15 3 3 27, yes 27 37| 11:30:00, 429 12:00:001 G.4 1.4 840 0.989 2.13] 0.93 0.B4;
421 J.QJ £0 52| 15 55 37| 27 VE_St 27 7] 12:80:00 42.5[ 12:30:20; G.4] 1.4 784.9 0.089] 213 0.9;‘ .84
1 0.5387; 21298 a.ﬂﬂl&E 0.8384

hd = Hofs depth {cm)

t = Radius of the hole (dn./2) (cm}

rs = Distence between referonce level and sall surface (sm)

D = Gistance from the hole bottom fo the refererce level {hd+1s) (om}

Hi = Initia} desired water depth (head) in hoke {om)

Hit = Ratio of head to zadius of hele {mustbe 2 5}

di = Constant-head fuhe selting, initial d saasured i hole {di = O-Hi} (om} - usually 1 om less San coloulated df
sy, = inifia} distance fow water surface to ground (hd « #i)

1-ON = 3-way valve tumned fo $-ON (CF =20, meltiply GF times 4 MR to obtain volime of fow)
2-0N = 3-way valve lumed to 2-08 (GF » 195, muliply CF fimes A MR to obtain volume of flow]
dsury + Final distance from water surface to ground (sleady siate)

df = Finet d mosswed i hole {dsur; +75) (6m) - should be within -2 cmof &

it - Final water depth in hoje {Hf = 0-df} (oo}

MR = Inttial measuring reserval reading (2mm)

i = initin] Bma fo record measuring reservoir level drap (min)

WRF= Finel measuring resotvalt resding {em}

Tf= Fing} $me to record measuring reservoir lavel drep {min.)

A MR = Change In wwasuiing reserveir fevel (cm}

AT # Cheage In §me for measuring 7esetvel watar drep (min.)

V= fowvelume {om™) :




[Ksat Data Sheet

|

ksut-w

hd = Holo depth (em}

= Radivs of the hole {a.f2) {om)
8 = Distance between reference level and soi surface (om)
D= Distanse fem the hele boltom to the reference fevel (hd4es) {om)
Hi = Initial dogirad water depth {head} inhole fem)
Hir = Ratip of head to radius of hole (mustbe 2 5}
di = Constant-head wbe gatting, instial d messured in hole {di = D-Hi} (cm) - usually 1 cm less than calculated di
dsug = [nitfal distance fom water surface to ground {hd ~ 14}
1-ON = 3awvay valve tuthad to 1-ON (CF = 20, imultiply GF times. A MR 1o obtain voiume of flow}
2-0ON = 3-way valve mumad to 2-ON (CF = 1D5, multiply CF Emes A MR to obtain voleme of fow)
daug = Fingl distance from water surface to ground (sleady state}

di = Fizal & measured in hale (dsur + 15} (6m) ~ should be within 1.2 cm of df
Hi- Final watar depth in bole (Hf = D-of} (erm}
WA = [nitial measuting resesvoir reading (orm)
Fi = Infial tima 1o record maasuring rsservair level drop {min)
MRf= Final maasusing reservels reading {em)
TE= Final fitne to resord measuring reserveir level drop (min)
A MR = Change In measurinyg resesvoir level (om)

4T = Change in fims for measurin
V= Raw volume (om’)

g eeseryolt water drop (min.)

1 ]
Piot: Candicted By: SJF
Location: Bingham « new Site Date: #33010]
¥eathar: lsunny Temp: §§I
Soif SeriesiHarizan: {Pactlel iSnurce of Water: Jtap
1
Plot B r 5 Hi HiF di dsun § 1-OM | 2-ON § dour, @f Hf Mz Ti MAE ki AMR AT v CF ‘nm:',m-m} {*] (crn’lh) Keat (cmvn)]  Koat (eavd)  Ficont (i) faat {inid)
178y 4 3.0 10 Eid 1_51 3 36i 26 88 GI7:00] 1355 165) 31 187.3 §.198 475 0.05 1.87
4 3.0 30 H 15 5 35 26| 5] 5:30:00 -;l 24 126.0 0.133 3.18 0.051 128
E3) 34 10! # 35’ 5 36 26 = §:30:00 1U$I 14 834 0.087] 1.60‘ D.Dni 9.83
41 30 hit 51 1:5‘] 5 35 26 yes| p:3z000 315 105} l.g’ £33 0.067 1.60 0.63
4 3.0] 51 15 5 35 285 (] 0:30:00 31.5 105 1.1 838 DOET, 1.60 0.63
05888 1.5372 05288

N



|Ksat Data Sheet

l

!—P—iat I.Izsa‘t-ﬂ

|
Condscted By:

hd = Hola depth {cm)
t = Radius of the hole (diaf2) {cm)

ra = Distence befween reference level and soll sutfoce (om)
D = BGistance fram the kole bottam To the reference level (hd+rs) (om}
Hi = Initial desired water depth (head) in hole {cm)
Hir = Ratie of head bo radius of hole {mustba 2 5}
di = Constant-head he sefting, inftial d meazused in hole {di = O-Hi} {om} - usually 1 cm less tan caiculated dl
dsur, = initial digtance fom water surface to ground (hd ~ Hi)
1-00 « 3-way valve tumed to $-ON {CF =20, multiply OF times & MR to obtain voluma of flow)

2-Ch = 3-way valve himed to 2-ON (OF = 195, muBiply GF mes A MR ta cbtain velume of flow}
dsur, = Final distance from water surface to graund {steady state)
¢F = Final d measwed in hole {dsuty + 16} (em) - should be within $-2 em of &

Hf- Final watet depth In hole {Hf = B-df} (cm)
MR = Initial messuring resemvoir teading {em)

Ts = Inithal time & recard measuring reservalt Jevel drop {min.)

JART = Finet messuting reserveir rending (cm}

Tf = Firal ime to record messting reservolr level drop (min)
A MR « Change In measuring reservelr lavel (Sim)
AT = Change in fme for measuriag reservels water drop (min.)

W 1 flow volume (cm’)

SJF
Location: behind pump house Date: 4711319
{Weather, fsuini Temy: 5]
Sof Sertes/Hotizon: |vellaw brownifransiton Souice of Water: _jtap
b
Pt hd [ ts HE Hir & deur § 1-ON | 2-ON § dsury Hi M Ti MRS Tt AMR AT v cr | tem¥min} |Q em®m)|Ksat (omm)| Kot (cowd) JKent (mih)|Keat l.w&i}’
$BtarBe 7 62] 34 10 T2 15 5 57, 47 yes 4t 57! }sl 36.7] 12:30:60 36,31 12:05:00] 04| ©:35.00] 42 185 12 720 9.075 1,83 203 D.Tgi
521 39 104 72! 15 3 57, 47 ye_s-i 47) 57] 5] 383 13:!35:83[ 35.2{ 13:35:00 0.1 G:‘jﬂ:ﬂﬂl 0.5 195 0.3 21.U-| ,022} 0.53] 9.01 2.1
&2 3.0 10 73 1&] ] 57, 47 as_| 47) 57 !5' 3621 13:35:80) 36.1] 14:05:00 0.1]  9:30:00] 30.5) 195 0.4 210 G.a 0.5% 801 2.4
52 3.0 131[ 72 15 5 57; 47 yes 47} 57 36 36.1 14:(35'.&9% 35.0! 14:35:00} 9.1 23068 40.5] 145 G.4 G.G22] 0.53 2,01 a1
E2l 3.0} 10 12 15] 5 57, 47 yas 47| 87, 35]  38.0] 35.8] 150560 9.2}  9:30:GD) 21 1053 6.7 0.044; £.08 b.o2| 0.42
62| 3.0 10 73] 5] 3| 51 47| 25 41 57 15| 35.8 35.7] 15:35:00 0.4} 0:30:G0 10.5 105 3.3 .02% .53 2.1 0.21
0.0266: 06389 g.0105 025151




Ksat Data Sheet ]

Plot: Eat—iz Candua‘lledg!: I]S;JF

Lozation: behind lageon Date: 413116

Weathar: gz Temp: 85L

S0k Seiizaidonzon: |BUllc yeSow brown, Fansiion [Soutes of Water, iap

|Piot e r B [*] Hi Hi o | dsur | 1-ON | 2-ON § dsun | at He s Ti M Tt AMR AT v CF | @ emPimin)|@ (om'm)iKsat{emm)] Ksat (cvd) | Keat (in} | Ksat (rd}

1 or Be? 5] 53 53 WL 93] gaoonl sl 165 11 63.0 0.057 1601 0.03 963

;’ 53 43 +:50:05 0.2 930_1051 28] s 07 420 00dd 4 06; £,02) 042
E! s3f 43 3.6 zzn:oal 63} e3000f 3151 105 15 638 0.087) 180 4 0,53
5 53 43 8.5 25080 o4l 6:3010 42t 105 14
§] 53 43 38.0}  3:20:80 J4]  0:33:00 42 105 14

hd = Hole depth {cm)

1= Radius of the hole (Ea.22) {om}

18 = Digtance between reference lavel and soil surface (em)

D = Dislance from the hisle bottom o the reference tevel (hd4rs) {om)

i = [niffaf desired water depth {head) In hele (em)

Hir = Ratio of haad ts radlug of hole (must be = 5)

= Conatant-head tube setting, niital d measured in hole {0i = £-H3) tom) - lsually 1 o fess than cafcutated of
tsun, = Initial distance fom water surface to ground (i - Hi}

1+ON = 3away valve tumed to 1-ON (CF = 20, multiply CF tmes A M3 to abtain vojume of fiow)
20N = Sawzy velve tumed to 2-ON (GF = 108, muliply GF imes A MR to ohitain volume of fow)
sty = Final catanse from water suface 1o ground {steady state}

¥ = Finol f measured in hale {dsur, + 6) {om) - should be within 1-2 cm of di

- Binal water dept in hole (HT = D-df) {em)

33 = Infind massuring reservoir raading {em)

T = iniial Eme to record messuring reservolr leved drop (min}

MRf = Final measuring reservalr reading {cm)

Ti = Final ime to record measuring resaryolr fovel drop (min,)

A MR = Change in maasuthy resetvalr lovel (om} -

AT x Change in time for measuring reservol water drop (min.}

= flaw voluine (cm)



[Ksat Data Sheot I ]
iﬁa!: }@ Gnadust‘w By: E@ﬁ
Location: ‘ac:oss wellands Date: 41319,
[ Weather: o Termp: B,
Sgil SeriesfHonyon;  [BYEe yellow brown red moties {Soutce of Water: |tep
Pigt hd i ] D Hi Hit i dsuny | {-OM i 2-ON | dsus Hf Mii T i Tf A MR AT v oF |@ (cm’lmin} Q (nmsr’h} Ksat (omih){ Keat (o) | Keat (inh}{ Ksat (inrd)
1/ BtorBaf 41 3.9 12 53 15 3| 38 25 yes 25/ ] 16¢ 4.5 4:40:09 40.3F  2:30:00] G4 0:30:08 432 105 14 84,9 0.088 213 0.03% 284
Lal 39 12 53 15 § 38! 281 yes, 25 3 18 401 2:16:00 400 2:40:40 2.1 0:30:05 igs 345 0.41 219 0,022 .53 G.01 221
41 3.0 12 53 pi3 5 38 26 ¥es 26 38, hi 40.0 2:46:00, 36.%]  3:10:00] 0.1 2:30:00 19.5 105 . 0.4 219 D.GZZWI 0.53 .01 D21
41 3.0 2| 33 15 SI 351 26 . 26! 38 $5| 299 3:10:90' 39.5] 3:4;0‘(1 0.4 G,MIJ 190.5 1635 6.4 210 5,022 .52 o.6t 221
Q.5324/ 9.0087] 0.2085;

hd = Hale depth (om)

r = Radius of the hole {diaf2) {cm)

rs = Listance between reference ievel and sof surface (oo}

D = Distance frem the hole bottgm to the referenge lavel (hd+rs} (cm}

Hi = Initial desired water depth thead) in hale (em)

#¥r = Retio of head to radive of hole (must be 2 5)

i » Conslenthead fube setting, inftial d messured in hiole (di = D-Hi (em} - ususlly § om less than salculated di
dyur, = initial distance Fom water siface to ground (hd ~ Hi)

1+-ON = Joway valve tuined to 1-ON (CF = 20, myltiply CF tmes & MR to obtain volzme of flow)
-0 = Bway valve tuined to 2.00 (CF = 105, multiply CF fimes A MR t abtain valume of flaw}
dsury = Final distance Fom wates surface to ground (steady siate)

df & Finel d megeured in hols {dsuz + rs} (oo} - shauld be Within 1-2 em of di

Hf- Final water depth in hale {Hf = D-df) {cm)

MRi = [sital measuting teservoir reading (em}

Ti = inftial tima to record measusing reservalt {evel drop {min.)

MR1 = Final measuring reservolr reading (cm}

1= Final #me to racord measuting regesvolr level diop (min.)

A MR = Change In measiting seservoi level (o)

A ¥ = Change in tme for measusing reserveir water drep {min.)

v = flow valume {cm’)




(Ksat Data Sheet ] |
IT“d%m: Fﬁsat-ﬂ Cnndud’%d_az: &EJF
1ocation: i m- front foag Date: 412310
[Wenther: I.d.‘ﬂﬁr Temp: E
Soil Senesftiorizon: wet enfy oint |Snufeeanﬂher: tap
Plat td r s i D Hi Hir di | dsup { 3-ON | 2-ON | dsur | of il Wit Ti MRS 1¢ AMR AT v GF | (smmin)[Q (om®m)| Keat o)} Keat (emid) | Ksot i} | Kaat fin/d)
L 04] 03000 421 105 14 84 8.089 243} .03 0.84
o4i  0:30:00 42 105, 14 249 0.033 213 .03, 484
1.0f 1:35:00 165 .| 0.074, 1.77 0,83 2.70
tz:.@jg! 4531 13:23.00 a.;’ 0:30:08, X u;a‘i
1R800 41.0)  1:88:00 OBI 03008

hd = Hele depth {om)

r = Radius of the haie {dfa 2} (e}

18 = Distance between reference tavel and soll surface {om)

b = Digtance from the hole bottos: s the reference levet (hd+rs) {om}

i = initial desired watar depth (reed) in hole (sm)

Hir = Ratio of haad to radivs of hate {must be = 5)

di = Consfant-haad tubg setiing, inifa d measurad i hole (i = D+Hi) {em) - usially 3 ¢in less than calculated &
dsury = [nitial distance from watar surface 1o ground {hd - Ri)

1-QN = Juway valve timed to 1-ON {CF = 20, nusdtiply GF times A MR fo obtain volume o4 Ssw}
20N = 3-way valve tumed to 2-ON {GF = 103, muliiply CF times A MR to obtain volume of flow)
csur, = Final distance from water surface 1 ground (steady state)

of = Fina} ¢ messured in hole (dsur, + rs) (em) -~ should be within 1-2 emof &

Hf - Fina? water dapth in hala (8= D¢ (om}

MR = inial meesuring resorvall Jeasing (sm)

F = Initial me 1 record meaeuring resarvol level drap {min.)

MRf = Final maasusing reserveir reeding (em}

Ti= Final e to record measudng resetvoir level diep {min.)

A MR = Change i meageting reservair levet {om)

A Tw=Change in ime for measuring reservoir water drop {min)

Vs figw volume {om™}



[Ksat Data Sheet [ !
l | i
iI—’—ls:\!: Ksat-13 Conducted By: SF
Location: fence Eate: LA
Wouthes: runny Temn! a
5ol Seriestiorizon: |Ge (shalow] ESsurce f Water:
Piot hd Hir di | dour, | ton | zon| dan g df w | we T MRF T aMR | aT v cF b fom’imin)|Q {om i) Ksat (cmvt)! et emvd) | Ksat fint Keat infd)
1184 5 41 3 yes| i 41 11:28:08 35.8F 11:38:60 5.4 568.0i D621 14.91 02.24 587
k) 4% k1 YO 31 41 11:22:.08 35.8F 12:08:60 3.4 19.8 1650 8.27 8.50¢
5 4% 31 yes 31 Ll 12:48:08 12:38:¢0 23! 2.0/ 12.25] 4.52]
5| 4% 31 yc_si ) 4 12:38:09 2.2 1.7 11.71 461
sl 4 3 xgg] 31 41 13:08:09 23 &1 1225 482

12.0878| 0,1980: 4.751%

nd = Hale depth {cm)

r = Radius of the hele {dia.2} (sm}

s = Distence batween refererce level and soil surface {om)

I = Bistance from the hole boltem %o the reference levef (hd+s) {em)

Hi = Inftial desired water depth (head) in hole (sm)

Hir = Ratic of haid to radius ofhole {mustbe 2 §)

& = Gonstant-hend tube seting, niet & measured in hole (¢ = D-#) fom) - usually 1 o less than celoutated di
gsur; = Iniial distance fom vrater surface to ground (ud « HY

1-ON = 3-way valve fumed to §-ON (CF = 20, muliply G timas & MR to cbiain velume of fow)
7-ON = 3-way valve tumed to 2-ON {CF = 105, multiply CF mes A MR to oblain volame of fow}
dsur, = Final distahice o water surface to ground (steady state)

4% = Final 4 measured in hole {dsur + ) (em} - shotld ba within 1-2 om of di

He+ Final water depth in hale (Hf= D-df) {cm)

KR = fnitia] measuring resanvoir reading (6m}

1§ =initial time to recosd measuring resesvelr level drop (min)

WRT = Final measuting reservair reading {em)

T Final ime to racord meszuring reservelr fuvel drop (min.)

A WR = Ghanga in measuring reserveir fevel (om}

A'Y = Change in time for measuring reservolr water diop {min))

v = Row velume &’



[Ksat Data Sheet i |

i't-‘flulc }'K'E__g;‘_-j_’é - By }EJF

Location: W comar 'old sife’ Dafa: #2710
1 i
[Wentha:: sLnny/elou: [Temp: [
Sofl Seriswitorizen: {Slopefransiton yellow brown iSnurcaanater: jmp
Plot nd v I ot Hir & | dour | 4ON | 2ON | deun | of T OHE P omd ul MRF | T L AMR Y AT v i CF |Q{cm/mina (ead'h)|Keat (ommy| Ksat{emud) {Ksat (nh,
/B yes| .35 e5) _ 1sp 4331 mzemel  415) 116800 1.ai e:sn:unl 1990 105 §3] 3789 0388} 958 016
e 35 45 4551 $1:5850 41.3] 122800 02F o0 21 4.7 0.044 108 D.Q
4131 12:28:00) 40.5{ 12:58:00 08 0:35.00 84 0.177, 425 LEL
40.5] 12:.58:00 38,71 13:28:00 H.8f 3809 84 0.7 4.25 0.07;
yes 39.7] 132800 38.9] 13:58:00 Oj[ B:35:08) 84 0.377 438 207
0.4778; 4.2&9;1 0.0888
hd = Hole depth {cm)
= Radiug of the hole [dia 2} {cm}

rs = Distance belween reference level and soll surface (om)

D = Diglance fom the hele bottem o the reference fovel (hd<ra} {om)

Hi = Initia? desired water depth {head) in hote (or}

Hir = Ratin of head to radiug of hole (muet be 2 5)

o = Constani-head tube sefting, infial d measured in hote {F = DH) (om) - usualy 1 cm fess then catculated di
sty + Initial distance fom water surface to ground (fd - M}

1-DON = 3-way valve tumned to 1.0N {CF = 20, multiply CF times A MR 1o obtaln valums of flow)
2-ON = T-way valve tumed to 2-ON (CF = 105, mulliply GF Smas A MR fo obtaln volume of fow)
dsur, « Final figtance Fom water surface to ground {steady state}

= Finat d measured in hele {dsus, + /&) {om) - should ba within 1-2 cin of di

Hf - Final water depth in hole {HT = D-di) (cm)

WRi = Inifial measuring 7eservoir reading {em)

Té = Inttin §me to record measuring resenvalr ievel dfap {min.)

MRS = Final measuring resszvair reading (cm)

Tf= Fina? ime to zecord measuring reservoir leve! drop {min.)

A MR = Change In measwsing resenvoir level {ent}

A Y = Change i time for mezsuring reservoir water drop {min)

Ve flow volume (¢m)



h = Hole dapth (cm}

= Radiuz of the hole {dia./2) {em)

15 = Distance hetween reference level and sof surface (cm)

0 = Dislance fom the hole boltom to the reference fevel (d+rs) (5m)

HE = jnitind desited watet depth (head) in hele {om}

Hiz = Ratio of head 1o radius of hole (mustbe = 5}

di = Senafant-hesd tube setling, initiel d measured in hole (di = D-H7) (em) - usually 1 cmiess than caleuluted o
dsur; = inilfal distance from water surfase to ground (hd - Hi}

1-ON = 3-way valve tumned fo 1-ON (CF = Z0, multiply GF times 4 MR fo cblain volums of flow)
20N = 3-way valve tumed to 2-ON (CF = 105, multiply CF imes A MR to cbiain velume of flow)
dsui = Final distance from water surface %o ground (steady siale}

df = Final d measured In hole {dsus, + rs) (cm) - shauld Be vdthin £.2 cm of i
HF-Final wates depth in hele (Hf = D-df) {em)

Wi = litiel measuring reserveir reeding {cm)

Ti = inftia} tme to record measuring resesvoir level drop {min,)

MRE = Final messuring reservelr rexding (om)

Tf = Fixal titos 1o record maasuring reservalr favel drop (min.)

A M= Ghange in messuiting reservoir fevel (eay

AT w Change in time for measting reserveir waler drop {tmin)

V = flow volume fom'’)

Ksat Data Sheet [ i
Plot: Ksat-17 Cunmu:tted SJE
Lacaton: inside fence ate; 27741
Weather: clo Tamp: ‘_'6.5”{
Soit Seriesftorizon: jyeliow brown (shallow) Seurge of Water:  Ha
flot hd T Hi Wr dsur; | $ON | 2-ON | dsur | af vt | M T MRF kil AMR | AT v cf  |QEmtmingQ {cm¥m){Ksat (cnvh) | Ksat(envd) | Ksat ()i Ksat Grvd)
1Bt d_Z_i 39 19| 521 15 5 37 i yes! 27 37 15 40.8%  11:50.00] 40.5] 12:70:04 0.4 03200 A2 105 14 8590 0.GE9 2.1§_! 0.03; {34
2! 5| 37 27! yesi 27 37 15] 4055  12:20:00 40.1] 12:50:00 04]  G3teon 42 105 14 243 0.03 0.84
;t 37 27 Es% 27 kX 15 4] 1259608 39,7 13:20:09 0. G:38:00, 4-2\;7105i 1.4] 2.3 G.03, Q.84
_SJ_ 37 27, _!55_1 27 a7 155 38.7]  13:20:00] 30.4f 13:50.00 0.3f  G:20:00 315 105 1.1 160 0.03 0.63
19355 0038 8. 7560




{Ksat Data Sheset | [

|§lot _%fsaﬂa Cnnductleﬁ By: ISJF
Logation: Ol site Data: 442"?7?51
cioudy Temp: §§!
il Seriesfriorizon, ‘B!Paoo!at [Sovrce ofWekEr [inp
ot fid 4 15 3 Hi Hir of gsur ¢ 1-ON | 2-0N ; dsup | df HE Mri Ti MRE T A MR AT 3 CF |2 (smPtmin}|@ (om’Mm){ Ksat {cmi) | Ksat (omie) [ Ksnt ()| Knat vty
1 5 37 2 yes| 27, 37 15] 242 0.5) _ 0:30:00 63 105 21| 1260 0.133 3.19 6.05
Ei a7 27 &8 27 37 15 2.6 10_51 21 1269 0,133 318
E 37 27 yes 27, a7 15} 2.0 105[ 23] 1269| 0.133 318
§J 37 27 ges! 27; 27 15] 224 185

21 1260 0.133 119
81331 3,1844

hd = Hole depth {em)

1 = Radius of the hole (a2} (cm}

15 = Distance patween reference leved and soll surface (em)

D = Distance from the hole bottom to the referance tevei (hd+rs) {cm)

Hi = inltint desired watar depth (head) In hole (cm)

Hir = Rafin of head tb radius of hole {must be 2 )

di = Constant-head fubs eetiing, inttint d measured in hole (di = D-Hi} (cm) - usually 1 cm fsss than ealculated i
dsur; = [nitfal distante fom water surface te ground {hd - Hi)

1-ON = 3-way valve tumed to $-ON{CF = 20, muttiply CF fmes A MR 1o obtain volums of Sow)
2-ON = 2way valve uthed to 2-ON {CF = 103, multiply CF times A MR to obiain volume of flow}
visury = Final distance fom water surface {6 geotind (steady sists)

af = Final & measwred i hole (dour, + 1) (em) - should be wisn 1.2 om of &

HE - Final water depth in hole (Hf = Ddf; (om)

MRi = [nifia] measuring reservals ceading (cm)

Ti = Initial tima 1= recard measuting reservolf level grop {min.}

MRS Final measusing reservolt 2eading (cm)

Ti=Final Eme {a record measuring raservol level drep {min.)

4 MR = Change in measuring resesvolr lavel {om}

AT~ Change i ime for measusing ressivoir-water drop {min,)

V= fowvolume (em’)


https://ho!e{dla.12

[Ksat Data Sheet | §

1 H
[ Ksat.18 Copducted By: __1SJF

Loration; "érouau‘s Date; 412718
[

Temp: 65

sturce f Water: iap

hd = Hele depth (em))

v = Radius of fhe hole (cia42) {em)

& = Distance between reference jovel and soif surfaze (om)

D = Distance om the hole bottom to the reference fevel {hd+rs) (om)

Hi = Inibial desited water depth (head) in hole (oo

Hir = Ratio of head fo radius of hole (must be = 5}

di = Censtant-head tube setting, initiel d measured in hofe {di = DM (em) - uswally 1 om less than caleulated di
deour; = fnitiat distance fom watsr surface to ground (bd - Hi}

10N = 3-way valve turmed to 1.ON (GF = 28, multiply GF fimes 4 MR 1o oblai volume of flow)
2-ON = 3-way valve turned t0 20N (CF = 185, multiply GF times A MR to obtain volume of fow)
dsuz, = Final distance from water surface o ground (steady state}

of = Final d measuzed in hele {dawr + s} (em) - sheuld be within 142 em of di

Hf - Final water depth Ix hole (Mf = D-df) {om)

MR = Indtial measuring resenvoir reading (cm)

Ti = Initial time to racord measuring reservoir level drop (min.)

WRF = Finel measusing resenoir rezding fom)

Th+ Fined ime {a record measusing resenveir fevel drop {min.)

A MR = Changa in measuring resenvair fevel {cm)

AT = Chage in time for measuring reservolr water drop {min}

V = flow valsme (o)

Blot hd r 15 o Hi Hy & dsur; | 1-ON | 220N | dsuy Wi i MRE 1t ANR AT v CF & (em’min}{Q {om il Keat (crwh)] Keat(envdy | Keat {inmh)|Keat (in/)
HUd 33 3.0 19 43 15 yes) 18| 28 5 27| aageol 3631 31980 64]  0:30:00 42| 105 14 440 0063 213 003t o8¢

33 3.0] 10 43 15 es| g 28 15| 383t 21800 362 3:4@ of] o3toes] 105  s05 03 Zl.j 0.022 2.3 0.01 021

33 39 10 43 15} yes L5 28 150 3620 346085 364 4900 o4 e3060] 105! 195 0.4 219 053 0.01 021

3 30 1q 43 15 yisj 18 28 15 zs.j 4808|350 4:49:60 04 o30sol 1080 10 G4 210 0,01 0.24

0.2085




[Ksat Data Shest i I
i.ocaton; TNei EoT fance Dats, Aizgio]
{Weather: oy | Temn: 65|
Seil Seiiesitianzon: ;mmnweﬂlmhmm [Saurce of Water:|fap
T
|Piog hd T 3 ] HE Hir d dsur, § 1-ON | 2-ON | dsuy df H Mii k] AT v ¢ {R (em¥min|a fem) Keat {emvh)i  Kaat(omid) Xsat i)} Ksat {infd)
1 4l 30 19 _581 15, sf 41 31 yesl 3% 3 15| ﬁ?‘i 30000 00 4] 1:00:50 62 10_51 uzl 429 0.044) 1.06 .02 042
46 ap 18l sl 4s 5| 41 #H es] 31 41 15| 344! 40000 af 4 5| 0:30:80]  s25| 165 18] 1050 049 zssi 0,04 108,
i 1-;! 54 31 yesf 31 41 151 330|  4:30:00] 334 5:gg_:gg!_ 05{ u.-au:uul 525 1@1 18] 1050 0.141 288|  om 105
o.0087) z.1zss! B.£349] e.am[

g = Hole depth (om)

t = Radius of the hele (a2} (em)

rs = Distenes betwesn reference level and sof surfaca (em)

{ = Distance from the hole bottom ta the meference level (hd+e} (om}

H v initial deaired watar dapth (head) in hole (cm)

Mir = Ratio oThead 2 redius of hole {mustbe 2 §)

di = Conetant-head ube seding, inffal d measured in hole (di = Dy (em) ~ usually 1 cm less thaz caloidated 6i
dsug; = [nitisl digtance from water surface to ground fhd - M)

1-ON = 3.way veive turned to 1-ON (GF = 20, muitiply OF times A MR to abtuin volums of fowj

2-ON = 3-way vaive tumed to 2-ON {CF = 405, mitiply CF timas & MR to obtain volume of Saw)

dstiiy * Fingl distence Bom waler surface to ground fsteady stats)

df = Finat d measored in hole {dsur, + 15) {om) « should be within 1-2 om of ¢

Hi - Fingl water depth in hate {Hf= D-df) {cm)

MRI = lnitfal toessudng reservolr readiag {om)

Ti = inftist fime to record measuring reservoir Jovel deop (min.) '
MRt= Final measuring seservair readiag {cm)

T = Finet time to recerd measuring reservoir ovel deop (min.)

A MR = Ghange in measuring reseivalr leves (oo}

AT = Change in Sme for measuring reservolt water drop (mén}

W= flow voiume {cm™)



Saturated Hydraulic Conductivity Data - DRAFT (UNC Bingham)

B*
Naw Site

~ 3o bt B

14 {(new}
Old Site

Soi Serles

Ge

Ge

Ge

Ge

Ge

Ge (shallow)
Hemdan

Hermdon {swale)

Ge
Hemdon (swale)}

Ge
Ge
Ge
Hemdon
Hemdon
Hemdon
Herndon
Ce

Ge (shallow)
Hemdon
ud
Herndon

Horizon

Sail Area

GO e DI PO = b ok o ok wh

= RN N A e s s

BN

Avg
Avg

BRepth (emy)

48.0
99.9
43.0
60.0
52.0
47.0
40.0
54.0
8.0
35.0

470
42.0
41.0
62.0
58.0
41.9
42.0
420

46.0
56.0
33.0
46.0
S5A1
5A2

GEOMEAN

Bepth {in}

18.¢
38.9
16.9
2386
205
18.5
15.7
213
15.0
13.8

18.5
16.5
16.1
24.4
22.3
16.1
16.5
16.5

18.1
18.7
13.0
18.1
8.8
18.3

New Site

SAt

SAZ

Oid Site

SA1

SAZ

{nside Facility
SA1

SA2

A1
SA2
GEOMEAN

Ksat (cmihel Ksat {infhn)

804
0.73
0903
0,114
.92
008
0.16
0404
.11
4.07

0.07
0.08
0.67
203
0.98
f.o2
a.08
0,13

0.50
0.1%
042
0.09

par
0.8

0.07
.04

9.50
0.07

0.11
8.07
0.03

0.02
0.29
0.0
0.04
0.e5
083
.08
.02
G.04
0.03

0,03
0.03
G.03
0.01
0.03
0.01
0.03
0.05

0.2
0.1
0.009
0,038

0.03
0.03

0.03
0.1

0.20
0.03

0.04
9.03
0,03

Gpdit?

0.25
4.31
0.15
0.88
0.70
0,52
0.91
0.26
0,68
.39

D.38
0.52
0.38
0.16
G.48
0,13
049
0.78

0,39
A8

043
0.21

2.96
0.4

SHWT (in}

»B4 in
»>84 in
>84 i
»84 In
>B4in
>84 in
>841n
>84 iny
=84 in
~24-30 in

>84in
>84in .
>84 in
>36 in
>36 in
>36 in
=84 in
»84 in

=84 in
>48 in.
>24 in.
=36 i,

16 hr test



APPENDIX C

Soils Descriptions
UNCBWWTEF Land Application System Soils Descriptions
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it Wa Viranm
Sel “Eéiﬁ o Soit Investigation Data Sheet
Seil Boring. Ksat-1
iocation: Bingham road Date; 4612010
Counly. Orange investigator(s); SJF
Latilong.: Elav.:
Parent Matadal: Siata Drainage {Wetness) Class: well
Moisture Stalis: maist Slone (%). 2%
Classification: Ge Vegetative Cover: fallow field
Aspech: SE Water Table: >
Landscape Position: side slope — S.HwW.T:
Structure
Hain Cofors - Moist & Wet|Ped Hoizon
Horix, Depth fin) {moistt (Mottfes Yextura Grade Clags 1vpe . Consist, |Coatings Boundary Qther Hemarks
10YR 4/6
datk yeliowish subanguiar
An r&z brawn - silt foam moderate fing blacky fiabla |- - many fing roots, thick root mat
10YR 56
Iyailowish subangular
£ 2-8 bravm - sifty clay madarate fine biocky frizbie - - few racks/pabbles
Hriable/sit
SYR 4/8 subangular  ifirevsiightly
B 822 yelfowish red i clay moderate medium blecky sticky plastic |- - few fine rools
SYR 416 10YR 76 subangular  firiablefsight
Bi2 22-38 yellowish red {yefiow silly clay___|moderate medium blocky ¥ firm - -
SYR 46 TSYRGE sty clay subanguiar :
BC 38-52 yellowish red yellowish rediloam maderale medium blocky iriable - - -25% saptolitic, decp profile
10YR 6/6 .
Ibrawmnish TAYR S8 sty clay {subangular
C 284+ yeliow strong brown jicam weak fing Biocky frizhie - -~ good structure, multi-calored, manganese




Soif, me,c& Envirpnisnt

Soil lnvestigation Data Shest

toup
Soll Boring: Ksat-2
jocation: Bingham roag Date: ABI2U1G
Coungy: Crange 1 ¥ ) SJF
Lat/long.: Elav.:
—— ——
Parent Material Slate Drainage {Watness) Class; well
Moisturs Status: moist Slope (%} 1%
Classification; Geargeville Megatative Cover: faliow fisld
Aspect: SE Water Table: =7
Landsca_g Position: sida slope S HW.T:
Shucturs I i
Main Colors . Moist & Wet|Pad H: n
Horiz, Bepth {in] fuioisty iMoties exture Grade Class Tvpe Coneist. oatings Boundal Otivar Remarks
5YR 5/3 red b I
|Ap 0-2 brown & loam fing biocky. friable - |- - thigk root mat, many fine roots
7SYRGI6  isily clay subangular  |slightly
811 2-5 2.5YR 4/8 red|rediyellow  floam moderale Llacky firadfriable |- - di
fiem. stightly
sticky,
7.5YR Bi6 subanguiar  Islightly
B2 822 2.5YR 4/8 red |rediveliow  iclay imoderate medium hlocky N Ip_lasﬁc - - many fine, distinct red yeliow motiles
2.5YR 73
2.5YR B8 light reddish {silty clay subanguiar LR
8C 22-40 \light red Drown loam i fine |Elacky frable - - - . ~35% saproiite
7.5YR 83
pink, 7.5YR
58 strong
brown, SYR
7.5YR 62 4/6 yeliowish |sitly clay gul :
CR 40-58 reddish yellowired foam weak fing [blocky friable - - mulfi-colored
muithcotored sitty clay b {
CR2 S6-S4-+ saprofite - loam wedk fine biotky friakle - - goad struchire, moltled, multicelored rogk




Solt Investigntion Data Sheet

Seil Boring: Ksat-3
Location: Bingham front read Date: 41232010
Counly: Crange investigator(sy: SJF
Lat/Long.: Etey. -
Parant Material: Siate Drainage {Weiness; Class: weell
Moisture Status: maist Slope (%): 3%
Classification: G Vegetalive Cover: {fallow fiaid
Aspecl SE Vvater Table: >B4"
Landscape Posilion: sice slope _ S.HW.T:
Strucfure
¥ainColors | #oigt B Wet|Ped Hoizon
Huariz, Dapth fir) {moist] iAoftles Toxture Grade Class iype Coasist. 5 Eound Other Remarks
1OYR A3 subangular
Ap 0-3 brown - |Sapdy loam jweak fine blacky fiable - - fine roots, frafficked
10YR 54
vellowish subangular
E 3-8 brownn - sandy foam fweak fine blocky {riable - -
10YR 66
brawnish subangular
Bt1 8-13 vellow - sandy ct moderate imedium blogky friable/firm lyes - fine rools
SYR 58 yhws. [16YR 7/6 subangular
Bi2 18-28 red yeliow sandy clay _[modgrate medium blacky slighty sticky|yes -
TOYRSE |IGYRTS  jsandy clay ubangul
BG 28-66 strongbrm__ |yeliow Ham maderata medium blocky frigbleiftm  [ves - 15-20% saprolite
granuiay
SYR 53 12.5Y 7/6 pale; subangular
C 55-841 reddish brn_|yellow isandy loam |waak b&e Slacky fiabie - - mullicolered rock




Sasd), Whatcr, & Envireameny:
Geaup

Seil investigation Data Shast

Soit Boring; Keat4
Location: Bingham road Date 720
Caunty: Orange Investigator(sh: SJF
Latslony.: Elav.:
Parent Material: State Drainage gWalneséi Class: welt
Moisture Status: maist Slape {%): 3%
Ciagssificalion: Ge {shaligw} Vegatative Cover: fatlow field
Aspect East Water Tabie: . =84
Landseape Posiion: side slope ST
Sfructuse 1
Main Colors Moist & WetiPed
Hariz, e (LN moist aites [ Textare Gmde Class Type Congist, (Coatings Other Ramarks
10YR 413 subangular
Ap 16-2 -brown |- sandy loem jweak fine blacky fable |- - - fine rocts
10YR 54
yellowish {subangufar
|3 210 Drovins - sandy loam fweak fine iylacky |friable - - |gravetly $0-15% farge sb bik gravel quartz
1OYR 68
brownish I3 } .
&t1 10-22 yeliow - san muoderals imedium biocky. friabl n_lyes some fine roots
10YR 7i6
yeliow YR
. 7.5YR 88 5/8 yeliowish . . subanguiar AR B
B2 22-38 strong brown -fred sandy clay |moderate i blocky slightly stickyives
SYR 5/8 YR 7S sandy clay subangular
BC 3860 yellowish red jveliow loam maderate mediurm fblocky frigbielfirm _ [yes 28.30% saprolit
granuiar
2.5Y 716 2.5Y T/ pale subangular .
i 80-84+ yeliow yellow sandy lnam |weak ifine bfocky ifiable - multicolared rock, black Mn fragments
VN

PN



iy
i f@ Soil tnvestigstion Pata Sheat
Soil Boting: Keat-§

Locaton: Bingham roag Date SH2/2040
Counly: Orangs i S
Lationg. Efev.

Parent Materisk Slale Drainege {Wetness) Class: will
Moisture Siatus: meist Stops (6): 3%
Classificahi Hetnden Vegetative Cover: faliow fisld
Aspect Eagt Water Table: >84"
Landseape Position: side siope &H.W.T:

Sircture
Hain Cafors

Hariz,  Depth fing frsaisd) anﬁ!es Taxture Grade Class Tyne Qter Remarks

10YR 473 subangular

Ap -2 Brewn - isandy loam hweak ifine {blocky frizbla |« fing raots, shaliow

10YR 574
pellowish subangulal

£ 2-13 Lrownn e sitfoam waak |fine blocky friable -

10YR S8 isubangular

BE 10-18 yhws brn . sift loam fine bincky frable

SYR 3/8 yiws {few 1GYR 7/5 subangular
Bt 18-25 rad i sifty o moderale blgc feifi vas
10YR 7756
yatow SYR
TE5YR 58 5i8 yeliowish subanguiar
jiied 26-36 strong brown [red clay J medium Blocky friable yas
7.5YR 8IS subangular
813 36-60 reddish yiw silty chay maderate blosky lfri_ab;e yas
S YR 5/8 red, granulan
GYR 88 7.5YR 578 subargular
[+ 85084+ yellow sing brn sift koars weak {fne biocky jhable - muliicoloted rock, >50% sap




‘%%

=3 &g‘ * Hoil Investination Data Sheet
Soil Boring: Ksat-&
Localingy Bingham roud {fielt Data: 4122016
County: Drangs investigator(s): SJF
Lat.Eang.: Eiev.:
Paront Matsrial: Siate Drainage (Wetness; Class: wall
Muoisture Stafus; meist Slopg (%) 3%
Glassilication: Hamdan {swals} Vegeiative Covar: fatlow fisld
Aspest: Easf Waler Table, 84"
Landscaps Posifion: sida slope SHWT
i
Stuchiie ]
Main Calars . Muoist & Wet Hobran
Horiz, _ iDenth fin) moist} |Mottles TFexti: de Class Tvpe ot Diner Rematks
10YR 473 subangdar
Ap -2 brown - [saidy loam {weal fing Blocky Triable - - fina roats, shallow
10YR 54
yeliowish suhangular
E 27 brownn - {sit loam wask fine blocky liabls - |- -
1GYR 56 subangular
BE 7-20 s ben 3 it joam fine blacky fiable
SYR 58 yhs How 19YR 7/5) jsubangular
1Bet 20-25 lzed v sty clay doiahe Bioeky friableffiin  ives -
1O0YR 715
ysilow SYR .
TSYRSB  |5/8 yellowish subanguiar . i
B 26-48 strong brown {red clay g medium blocky {friable “lyes -
10YR 54 fight leunanguiar
|82 48-60 [yivs bin sity clay _imoderate medium {blocky friable sves -
granuiatf
10YR &3 1OVR Bf2v subangtlar
C 50-84+ pafa bra pat bin sift leam wroak fine blacky fiable - - crushed rock
.'/_\_ PN




Soijf Investigation Data Sheat

Ksal-7
N Bingham road Date; 42312010
Orange investigator(s). SJF
Latjlong Elev.:
Parent Matarial: State Drainage (Wetness) Class: well
Meisture Status: maist Slope (%); 3%
Classification; CGe Vegelative Cover, fallow field
Aspact: East Water Table: =84"
L_aﬂdscapa Position: side slope S.HW.T:
s Stricture 3
Main Colors Moigt & W&!Fed Huizen
Horiz, Qepth {int maist] gtilos Teuture Grade Class 13733 Consist. iCoatings  iBoundary Cther Remtarks
10YR 413 subangular
Ap 03 Browrn: - [Sandy loam jweak fing acky friable |- - fine foots
1CYR 574
yeliowish subangular
E 310 brownn N sandy joam jweak fine blocky friable - -
10YR 6/8
Brovinish SYR 58 ylws subangular
B8t 10-23 yallow red sandy clay {moderate medium blocky frisbla/firm__ |ves -
10YR 716
yelow SYR
TSYRGE 1502 vellowish| . ubang
B2 23-38 strong browm red sandy clay _{moderale madium bigcky shghly sticky[ves -
SYR 58 GYR W6 jsandy clay subang !
BG 38-52 welfowish red iyellow logrm modsrate edium biocky frisbieffirm  |yes - 15% sap
grargar/
2.5Y 7/8 2.5Y 7/6 pate: sutrangular
G 52-B4+ yellow yellow sandy loam [weak fine blocky fishle - - fne crushed rock




Seil, Wb, 86 Ejebarmement:

Soi Invastigation Data Sheot

Sail Boring: Ksai-8
Location: New Soray Bile Date: 4132010
County: range Investigator{sy SJF
Lat/long. Elov..
Parent Material: Sate Dréinage (Weiness) Class: well
Moisture Status: rmaist Slope (%): 3%
Cizasification: Ge or Pacolat Vegetative Cover: forast
Aspect; Seuth Waler Table: >B4"
Landscape Position; side siope SHWT:
Stnucturg
Hain Colors, Moist & WetiPed Hbizon
Horiz. Bepth tin) jmoist)  |Motten Texture Brade Class Tvpe Consist, [Coatings Hounda Ciher Bemarks
10YR 43 subsangeitar
[Ap 0.2 brown i« sandy faam |weak- fine blocky friable &~ - fine roots
10YR B4
yellowish 5 YR 5/6 suby h
I 2-8 brownn ybws ced sandy pam fweak Jfine, Dlocky friabie - - ifins and med. roots
10YR 5/8 subangular
B 8-24 viws red - & clay imodarate i blocky friable/firmn  |ves - fine and med. roots
5YR B8 yiws [10YR 716 .- subangular . :
Bt 2450 rad yekow szndy clay Imoderate medium blocky slightly sticky|ves -
. SYR 5/8 10¥R 15 sandy ciay iy }
BC 50.76 yeliowish red tvellow sloarm moderala medium biocky friabla/firm  lyes -
granular/
2.5Y 716 pate subangular
C [76-84+ 5 YR 61 aray [yeliow sandy Joam jweak finz Blocky fiable -~ -~ fne crushed rock
S SN



3 o g
Sail, Viter, & Eovimasmenr
Grougp

Sojl investipation Data Sheat

Soil Bosing; Ksat-8
Location: New Spray Site Date: 4/13/2010
County: Orangg Investigato(s): SJF
Lat/long.: - Elev.:
Parent Matesial: Slate Drainage (Wetness) Glass: wefl
Muoigture Status: meist Slope (%): 4%
Classificatior: Ge {shallow} Vegelative Cover; forest
Agpect: Sath Water Tahle: >g4°
tandscape Position: side siope SHWT:
Structure
Main Colors Moist & Wet|Ped Hoizon
Horiz, Depth {in.} {meist]  |Mottles Texiure Grade Class Type Congist. iCoatings Boundary Other Remarks
0YR 413 subangulas
Ap 0-4 brown |- sandy foam jweak fine blocky friable i~ - fine rools
5 YR 476 yiws subangular
Bt 4-18 red - sandy clay _[moderate medium bigeky frizbleffirm  jyes -
1WYR 746
yeilow SYR
5/8 yellowish
7.8YR 58 red, 5 YR sttbangylar
Bt2 18-40 strang brawn (8/1 while sandy clay  Jmoderate redium blocky friable yes - crushed rock fagments
5YR 8/1
white, 7.5YR |sandy clay subangular
8C 40-78 SYR 714 pink i5/6 foam moderaie medium blocky friable Ve s - crisshed rock fragments, Soalers, 25% sap
granular/
2EY TS 5YR 8/ |subangular
[+ T8-B4+ yelk while sandy loam jweak fine Hlocky fiabie - - crushed rock, small Soaters




Soit lavestigation Pate Sheet

Soil Boring: Ksab10
Location; New Spray Sita Pata; 411312019
County: Orangs Investigaion(s): SJF
iat/long.: Elev.:
Parent Materiai: Slate Drainage Meln'ess) Class: well
Mgoisture Status: mois) Siope (%) - 4%
Classification: Ge Vegstative Cover; forest
Aspext: SW Watar Table: 48" augar rafisal
tanascapa Position; side slope SHW.T
Struchurs
Main Cotors Moist & Wet|Ped Holzon
Huriz, Depth fin) imoistt  |Mofttes Texdure Grade Class Tupe Consist, |Coatings §Boun&§;x Othes Remarlks
10YR 413 Jsubangutar
Ap -7 brown - sandy Isam jweak jfine shlacky friable |- - Ifine roats
YR 613 5 YR 5/6 subangular
iE 2-13 pale bin vivs red sandy loam |weak fine Diocky ifriable - - fing and med. roots
10YR 578 subanguias
8t1 1328 viws red - sandy clay jmoderate fj blocky Giablefitm  lves - fine and med. roots
JOYRTIS .
yaliow SYR'
5/ yellowish
7SYRSIE  Jred, 5 YR SM isubangular
Bi2 28-34 {strong brown jwhite sandy clay__imaderate medidm blocky friabie yes - hed rack fragments
5YR 58 HWYRTIS sandy clay subanguiar
BG 2448 yailowish red |yeliow loam moderats fmediilin blocly " |fdableffim__ |ves o
granular/
2.5Y 75 pale subanguiar
c 4B-84+ 5 YR 6/1 gray lyellow sandy loam_|weak fing blocky fable - - fing crushed rock, auger refusal at 50 in,




Suill, Wates, & Basteesment
Growp

%

Soil Invastigation Data Sheet

Soil Bering: Ksat-11
Location: New Spary Site Date: 4132019
County: Crange invesiigator(s}: SJF
Lat.A.ong.: Eley :
Parent Material: Slate Drainage (Wetness) Class: well
Moisture Statas: moist Slope (%) 3%
Classification: Herndon Vegetative Cover: forest
Aspect: West Water Table: >36° ? auger refusal
Landscape Position: side slope S5.HWT:
Structure
Main Colors Moist & Wet|[Ped Hoizpn
Hariz. Depth fin.} (moist] {Mottles Texture Grade Class JType Cousist, [Coatings ;Eeunda;g Qther Remarks
10YR 413 : subangular
Ap 0-2 brown - sandy [oam {weak fine blocky friable - - fine roots, shallow
10¥R 672 It subangular
E 2-10 yiws gray - siit ioam weak fine blacky friable - - fing roofs
10YR 7id v subangular
BE 14-20 pale bm - sitt loam moderate fine blacky ifriable
1OYR 6/4 It subangular
Bt 20-34 yiws brn silt loam weak/mod fine/med blocky friable yes - auger refusal, few quartz rocks




Soil Invastigation Dats Sheat

Soil Boring: Ksat-12
Location: Now Spray Sie Date: AN312010
County: Orangs Investigator(s): SJF
Latitong.: Elev.:
Parent Materiat Slate Drainage {Wetnass) Class: ~welf
Maoishure Status; moist Slope (%) 3%
Classification: Hermdon Vepetative Cover, forast
Aspegt Wast Water Table: >48" auger rafusal
%.andscage Posifion: sids slaps SHW.T:
Siructure i
Main Colors - E . Maist &WeElPed X Moizon
Koz Depth {in} (moist 1Mutﬂes Textu ;Crade Class Tyne Consist. |[Coatings  iBoundary Other Remaris
10¥R 43 subangular
Ao c-2 prown |- sandy loam jwaak ifine blocky Jrabie |- = fing rocts, shallow
10YR 621 subanguiar
E 2-10 yhws gray - silt foam wiak fine blocky jfriable - - ifing roots
WWYRTHE v suhangular
BE 10-18 pale bm - sill loam derat fisre: biocky ifrable
10YREME [10YRBM B subanguiat .
211 18-34 viws bm white silt inam weakimod fine/med blocky friable yes - {auger refusal, faw guarkr rocks
YRS
TEYREE  iyeliow, 10YR, subangular
B2 3446 strong brovn 38/t white clay moderate mediim [blotky friable yes [+
7.55YR Bf6 subangular
B3 46-50+ reddish yiw sifty clal rmod g biocky riable ves u auger refusa
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il investigation Data Sheet

Soil Boring: Keal-13
Location: New Soray Site Date: 132010
County: QOrange investigator{s}: SJF
Lat/Long.: Elev,:
Parent Material: Slate Crainage {Watness) Class: walt
Maisture Status: noist Slope (%) 2%
Clasgification: Herndan Vegetative Cover: forest
Aspect: SW Water Table; ~34" perched
Landscage Position: side slope S.HWT:
[ Strusturs ]
Main Colors Maist & Wet|Ped Hoizon
Hotiz, Blej ifs, [meist) 1Mnt€les Texture Grade Clags Type Congist, |Coatings Boundary Other Remarks
1OYR 443 subangular
AD -2 brown |- sandy loam [wagk Hine hiocky frisble |- - fine roots, shallow
10YR 544
|yatlowish subangiar
E 2-10 brownn - sit laam weak fine blocky friatle ~ -
10YR 56 subangular
BE 13-18 yhws bra - sift loam moderate fine blocky frighlalsticky
SYR 518 ylws [few 10YR subangular
511 18-34 red 716 yhy sitty clay Lrguderate riedium blocky iriable/firm  {yes - evidence of perched WT at 34.in,
10YR 716
yeliow SYR
10YR§2v |48 yeliowish _|subangutar
B2 34-45 pale bm ted clay imoderate medium blecky friablaisticky [vas - water movemnent
10YR 7i6
yeliow SYR
518 yellowish
1OYR 6/ red, 10YYR subangular
B3 45-80+ brns yiw B white silty clay mederate imedim lasky friabls yes - auger refusal at 50 in., rack




5, W, Birohrermmaose

Lk Soll |pvestigation Data Sheet
Soll Boring: Ksap14
Eocation; Bingham fag Cale: LN42010
County: Crange Investigater(s): BJF
Lationg.: fav.:
Parant Matedal: Stale Diainage {Wemass) Class: well
Moisture Slatis: maist -Blopa (%) 3%
Classification: Heradon Vegatative Covar: Iatlow fiakd
Aspoct SE Water Tabip: 48"
Landseaps Pogitioh: side slope SHWT
SHUCEE
Main Colors Moist & WatiPad Hofzon,
Horiz, Depth finy fmoisty  |Motties Textura Grade Class AN Copsist, |Co 5 Bounda: Dther Remarks
T0YR 4R subangsas
Ap 0-2 brown |- izandy loam |eeak finz hlocky abla i - fing grass roots
10YR 514
yeflawish subangular
E 25 brownn - it loam waak fing hlocky tfriabie - - léng roots
1OYR 545 subanguiat
BE 6-18 yhws brn o il foam: lmudemte lf..“..? Blacky friable fine rogts
SR 518 yiws Haw 10YR 745 subangutar
Bl 1530 e yiw siity ol di Blocky Giable/ftm  |yes -
TOYR T8
yeliow SYR -
TSYRSS  |5/8 yellowish subangular
Bt2 10-38 strong brown |red clay medivm [blocky friableffim:  jves o
7.55YR 8/ {subanguiar
B3 28-82 reddish yiw sifty clay h gi jblocky ftiabla ives - ovd of water i
5 YR 6/ red,
7EYR S/
stng bre, grangiar
10YR 8/ 10YR 84 subangular
C 62-B4+ yeliow white siftfoam  lwmak |fire blocky fable - - iticotorad rosk, »50% sep
.—'/m-\-.




Soil Investigation Data Sheet

Soi Boring: Ksat-1§
Location: Near Cld Site [Gate: 412772010
County. Orange |yvastigator(s): SiF
Latilong.: Efev.:
Parent Matersial; State Crainage (¥ ) Ciass; welt
Moisture Status: moist Slopa (%) <1%
Llassification: Ge (shaffow) Vegetative Cover: ferest
Aspect NE Waler Table: =B4"
Landscape Position: side slope S.HW.T:
Structure
Main Colors Moigt & Wet|Ped Hoizon
Hariz. Depthling (moist) |Hoitles Fexdure Grade Class Tupe Congist. |Coatings  iBoundary Other Remarks
1OYR 43 subangular
Ap j0-2 brown |- sandy feam_jweak fne blocky friable  i- - fine raats, duff
1GYR 54 ut i
£ 2-8 ytes bm - sandy foam {weak fing piocky friable - -
SYR 5/4
reddish subangular
Bt1 &-28 brown - sandy dlay  |moderata medium blocky frighlaffirm  jyes - some fine roots, saprofite floaters
10YR Tit
vellow 5YR
5/8 yellowish
red, 10YR
7S5YRGME  |82vpale . subanguiar
Bt 28-38 strong brown |Bim sandy clay |moderate mgdium blocky slightly sticky [yes -
5YR 5/8 {OYR 76 jsandy clay bangul
BC 3868 vallowish red jvellow loam |moderaf biocky friabi ves - 25-30% saprofite
grenulas
2.5Y 16 2.5Y 715 pale subangular
i 65-G4+ yellow yellow sandy loam jweak fine iblocky fable - - muiticelerad rock
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cf.i“ Sel investigation Data Sheet
Soii Boring: Koat-18
Location: Oid Skte {W comer Date: 412712010
County: Orangs E: (s): SJF
Lat.A.ong.: Elay.:
Parent Materiak: Slate Drainage {Wetness) Class: wal
Moisture Status: meisi Slepe (%) A%
Classification: Hemndsn Vegeiative Cavar: forest
Aspect: East Water Tabla: 84"
Landscape Position side slope fransition 85 HW.T:
. Strzsture H
Hain Colors Moist & WeiIPed Hoizon
Hsriz, Dapth fin jmoist) |Motties Texture Grade Class Tyoe Consist.  iCoatings Boundary Other Renaris
tYR3tY subangular
AD 0-3 LGk gray  b- sandy loam [weak fine [lacky fiighte |}~ - fing roots, dark, fibraus duff
257 T # bangut .
E {3-8 igray - sitinam  jweak ifine biocky ifriable - - fing roots
2.5Y Mkt
aray, 2.5Y
2.5Y &6f4 It 811 white, subangular
BE B-36 ylws brn charcgal silt loam moderate fire blocky friable charcoal fragments, disturbed seil
7.5YR 65 1OYR 814 1t subangular
B8t 38-50 reddich yiw  [viws b siliy clay mod medium blacky friable/fim  |yves -
2OYR 741 subangular
B2 50-74 raddish hrn sily clay _ moderals {medium thlocky friable yes -
7.5YR 5/5 . subangular
Bi3 74-84+ strong brown silty clay di blocky friabie yes - saprolits fragments
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mmmu;,x Soil Investigation Data Sheet
Soll Boring: Kgati7
Location: Ol Sgray Site Date: 4272010
Courty: Orange Irvestigator(s): S.F
LatiLong.: Elav.:
Parent Material: Slate .Drainage (Wetness) Class: well
Maisture Stalus: mdist Slope (%); 8%
Classification: Herndon fegetafive Cover ferested
Aspect: SE Water Table: >72" suger refusal
Landscape Fosition: side slope S.HW.T:
Structure i
Main Colors Moist & WeQ!Pad Hoizon
Horiz, Depth fin.} 0is! otiles- Taxture Grade Class Type Consist. 1Goatings _iBoundary Oier Remarks
TOYR 443 subangular
A C-2 brown o sandy leam |wesk fing blocky fiable |- u fing rosts, shallow
16YR 755
E 2-10 yaliow - sdt loam wask {ing bincky friable - - very dry, fing foals
) 10YR 56 tsubangular
BE 18-20 yhws bro ~ gs'dt loam maoderate fine %locky friabla very dry
. YR 64 it . subangular
11 20-3¢ IS BIn silty clay ck bfocky friable/frm  jyes -
o 2.5Y 713 pale j2.5Y 81 ubangyl
B2 L;LD—GO yiw white silty clay moderate medium blocky . friable yes -
2.5Y Gf4lt subtangular
B3 6070+ ylws b sitty clay moderate medium Blocky friable ves -
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Sgi investigation Data Shest

Sait Boting; Ksat-18

Location: Bingham rpad H2T2me

Lounty: Orange SJF

Lat/long.:

Parent Material Slate Drainage (Weiness) Class: welt

Moisture Status; moist 3%

Ciassification: Ge {shaliow) faliow freid

Aspect: East >84"

Landscape Position: Side slope

Stuctum

Main Colors Ped

Horlz, Bepth {int [mpist]  Mottles Testura iGrade - Class Coatings Other Remarks

19YR 413

At -2 browm g fine - fine fo0ts
10YR 54
yellowish

E 2-10 hiownn - (fing - fine and med raois
SYR 5/8

B 10-36 gilowish red |« smediuym yes some fine rools

10YR 7/6
yellow 8YR

T.EYRSIE  {5/8 yellowish

(B2 35.58 sirang brown jred madium yes

7.5YR 5/6 1WYR 76

=i 58-73 strong brown Jveliow jmoderale medium yes 15-25% saprolite
2.5¢ T4 pale
yellow,
2.5Y 76 T.5YR 56
L] T3-Bd+ velow stng bm fing - mullicolored rock, »50% saprolite
. T
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Graup Soil Investiaation Data Sheet

Soit Boring: Ksat-18

Location: Facility Grounds Date: 412712010

County: QOrange investigator(s): SJF

Lat./Long.: Elev.:

Parent Material: Slate Drainage {Weiness) Class: well

Moisture Status: moist Slope (%) 3%

Classification: Ud Ge Vegetative Cover: fandscaped area

Aspect: South Water Table: <36 in, disturbed

Landscapge Position: side slope S.HW.T:

Struciure

Main Cotors Moist & WetPed Hoizon

Horiz Bepth (in.} {moict] [Motiles Texture Grade Class Iype Consist. 1Coatings Boynda Qther Remarks
5YR 518 ylws subangular

Ud1 0-2 red - sandy clay {moderate medium bluscky friable  |{- - fine feots, very disturbed
2.8Y 6/6 ofive | 5YR 5/8 ylws subanguiar

Ud2 2-i4 yiw fed sandy clay |moderate mediim Bfocky friahlefirm |- - butied roofs, debris
10YR 6/3 Jjsubangular )

Ud3 14-24+ pale yiw muHi colored jsandy clay imoderate medium blocky. frigblefirm  |yes - seme fine roots
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Grap Soil investigation Data Sheet
Soil Baring: #sata)
Location: Bingham road Date: AR27i2010
County: DOrange Invastigator(s): SJF
Lat/Leng.: Elev.:
Parent Material: Slate Drainage (Weiness) Class: wall
Mai Status: moist Slope (%) 3%
Classification: Hesndon Vegstativg Cover: fallow field
Agpact East Watar Table: >B0" auger refusal a1 5.5 '
Langscape Position: side slape SHWT
Stencture
Main Colors Maist & Wat|Ped Hoizon,
Motz Rapth {in.) fhoig! Mottes Texture Grada Glass Tyne Consist. [Cenfings Boundary Other Bemarks
10¥YR 43 jsubanguiar
Ap -2 brown - sandy loam |weak . ﬁne blocky friabie |- - fine roots, med roots, OM
10YR 54
yeliowish subangular
E 2-& brownn - sitt lagm modsrate medium iblocky friabie - -
1GYR 55 subangular
iBE o yhws brn - silt lnam: moterate ifing biocky {frisble
few 10YR
. 10YR 56 TI6 yiw, SYR . subangular-
Bt 18.26 yiws bm 5/6 yhws red Fsilly clay e medium {blocky fiiableffimn _ jves - saprolite floaters
10YR 76
yeliow BYR
SYR 52 518 yellowish subanguiar
frd 2638 sedgish gry  ired " Jclay wealkimod medium Blocky riable Yes -
Jsubangular
BG 35-60+ SYR 61 gry siity clay weakimod medium blacky friable yes - auger refusal at 5.5 ff on soft rock
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Executive Summary

The objective of this report is to provide the UNC Bingham Wastewater Treatment
Facility (UNCBWWTF) with recommendations for the installation, maintenance, and
management of a forested and forage grass land application system on their wastewater
receiver site in accordance with accepted professional guidance. This forested land
application system utilizes existing tree species that are capable of producing large
amounts of biomass and providing favorable soil conditions to enhance adsorption of
phosphorus and denitrification of nitrogen.

The UNCBWWTTF proposes to land apply wastewater to a forest and forage grass land
application system on approximately 5.71 acres out of 57 acres of total land area
consisting of two Soil Areas (SA) (SA! and SA2). Specific Soil Areas were determined
by the Soil Scientist Evaluation, SWE Group, 2011. According to the Soil Scientist
Evaluation Report, and Water Balance Report (Edwin Andrews & Assoc., PC),
approximately 4,645 gpd is available for irrigation and can be applied to all Soil Areas at
one rate of .21 in/wk. based on 80%tile wet-year rainfall data. Final hydraulic loadings
were determined by the Water Balance Report (Edwin Andrews & Assoc., PC, 2011) in
coordination with the Soil Scientist Report (SWE Group, 2011) and this report.

Soil, Water & Environment Group {(SWE Group) personnel completed a comprehensive
Agronomist Report of the wastewater irrigation areas at the existing and proposed
UNCBWWTF land application system receiver site. Recommendations are provided in
this report concerning hydraulic loadings, nutrient loadings, as well as site and irrigation
system management of this system. Cropping scenarios, species/system selection,
fertilizer recommendations, vegetation establishment and management, and vegetation
harvesting regimes are provided.

The wastewater proposed for application will provide supplemental nutrients and a
consistent source of water to growing crops, in this case a combination of trees, forage
grasses, and understory vegetation. Due to the soils, site conditions, and anticipated
hydraulic and liquid loadings, the receiver site is hydraulically limited on all Soil Areas.
The maximum average concentrations of nutrients (mg/L) in the wastewater at the
proposed UNCBWWTTF receiver site will be ~25.0 mg/L total nitrogen (TN) and
estimated ~5.0 mg/L total phosphorus (TP) as reported by the system designers (McKim
& Creed, 2011). This would supply at most 61.9 lbs TN/ac/yr and 12.3 1bs TP/ac/yr
based on the most limiting characteristics for the soil series present. Based on effluent
and site characteristics, plant available nitrogen equates to 53.2 Ibs PAN/ac/yr for all soil
areas. Assuming 75% availability, plant available phosphorus (PAP) would be at most
approximately 9.3 1bs PAP/ac/yr for all soil areas.

These total plant available nitrogen concentrations are conservative estimates for the
irrigation water and do not take into consideration denitrification occurring in the storage
ponds or soil microbial interactions on the receiver site. Therefore actual plant available
nitrogen (PAN) will be lower than the PAN concentrations presented.

Soil analyses at the proposed irrigation site indicate there are potential nutrient
deficiencies. The wastewater will provide supplemental nutrients and a consistent source
of water to growing crops. Recommendations for any nutrient amendments are provided
in Table 2. Annual soil testing and monthly analysis of the wastewater should be
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accomplished to determine if there are continued nutrient deficiencies at the site. This
will help insure proper management of the site and optimize growing conditions.

The combination of mixed hardwood/pine forest and forage grass system at the
UNCBWWTF Land Application receiver site will provide sufficient treatment and
cycling of the waste irrigation water. Trees transpire large quantities of water from deep
in the soil profile and also support large leaf areas for transpiration. Even in the winter,
photosynthesis and transpiration continue to remove water and nutrients from the site,
albeit at a reduced rate. This land application system exemplifies the effectiveness of a
combination forage grass and forest system at renovating wastewater and reducing
nutrient loadings to nearby river basins.




1.0 Introduction

Under Section .0500 2T Rules — Waste Not Discharged to Surface Waters set forth by the
North Carolina Division of Water Quality Aquifer Protection Section, municipalities, and
publicly owned treatment works (POTWs) can divert their highly treated effluent to land
application irrigation receiver sites. The concept of land applying wastewater will
provide additional treatment, and is consistent with the total maximum daily load
(TMDL) program promoted by federal and state regulatory agencies. Many county
governments, municipalities, and industries are facing similar situations with finding
alternatives for wastewater and wastewater treatment and disposal in nutrient sensitive
regions. The proposed receiver sites is a viable point source discharge alternative for
wastewater irrigation from the UNC Bingham Wastewater Treatment Facility
(UNCBWWTF) and will provide an excellent source of irrigation water for growing
forage grasses and/or tree crops.

1.1 Objectives

Soil, Water & Environment Group, PLLC (SWE Group) personnel completed a
comprehensive Agronomist Report and site investigation of the proposed receiver site
irrigation areas. Recommendations are provided in this report concerning hydraulic
loadings, nutrient loadings, as well as site and irrigation system management. Cropping
scenarios, species/system selection, fertilizer recommendations, vegetation establishment
and management, and vegetation harvesting regimes are provided.

1.2 Methodology

Field investigations were conducted to describe the proposed wastewater receiver site
according to the soils, geologic features, hydrology, and wetlands. Nutrient
concentrations for irrigation water were analyzed and recommendations are provided for
the establishment and maintenance of a wastewater irrigation system on the site.
Recommendations are given according fo site characteristics including soils, hydrology,
vegetation, and any site limiting factors. Also recommendations concerning cover crops
and their ability to accept the proposed rates of liquids, solids, minerals, and other ‘
wastewater constituents, and appropriate application months as well as maintenance are
included in this report.

1.3 Site Description

The UNCBWWTF is located in Orange County near the town of White Cross in the
Bingham Township off Orange Chapel Clover Garden Road (SR 1956) (Figure 1). The
property consists of several agricultural hay fields currently out of production, adjacent
and abutting regenerating and mature pine fringe forest, hardwood forest, and adjacent

- mature mixed pine and hardwood forest. Existing facility structures occur on the site as



i i ¢ o

ource: NCDOT USGS 1:24,000 (318, 2010)




well as an entrance road, existing wastewater irrigation system and infrastructure, and
newly constructed expansion irrigation system, storage lagoon, and irrigation
infrastructure. Several intermittent stream, wetland, and floodprone complexes occur on
the north and east sides of the receiver site. Several drainages course through the property
draining upland areas into Collins Creek, a tributary to the Haw River. The site is located
in the Piedmont Physiographic Province in the vicinity of the Haw River that is
characterized by rolling topography bisected by narrow perennial and intermittent streams.

The soils present on the proposed receiver sites, according to the Orange County Soil
Survey (USDA, GIS 2010), are mapped as Georgeville silt loam, Herndon silt loam, as
well as lowland loam soils consisting of Chewacla series soils. The vegetation on the
proposed forested land application areas consist of upland pine and hardwoods including:
yellow poplar (Liriodendron tulipiferd), hickory (Carya sp.), northern red oak (Quercus
rubra), white oak (Quercus alba), red maple (4cer rubrum), black chetry (Prunus
serotina), black gum (Nyssa sylvatica), sweetgum (Liquidambar styraciflua), sugar maple
(Acer saccharum), Loblolly pine (Pinus taeda), Shortleaf pine (Pinus echinata), Virginia
pine (Pinus virginiana), sassafras (Sassafras albidum), other small understory woody
species. Vegetation in the fields and open areas consist of a variety of herbaceous grasses,
forbs, and broadleaf species. Fields will either be kept open and planted with perennial
forage grasses such as coastal Bermuda or fescue, or will be planted with an appropriate
tree species selected for the soil, proposed liquid loadings, and landscape position.

2.0 Irrigation Water Remediation/Application

Waste irrigation water applied to the receiver site will be utilized in several ways. Water
‘will be lost through transpiration by vegetation, evaporation from the vegetation and soils
surface, and percolation through the soil profile. This water will also enter nearby surface
waters in wetlands and streams via lateral flow. Any excess nufrients in the wastewater
will be treated through microbial processes, plant uptake, adsorption to soil solids, and
biologically mediated chemical transformations (i.e. denitrification).

The primary objective of establishing a wastewater receiver site using tree species and
forage grasses is to effectively renovate the water through the plant-soil system to prevent
nutrients, BOD and other unwanted constituents from entering groundwater and nearby
surface waters. Forest and forage systems under wastewater irrigation create a soil/plant
system that effectively renovates wastewater through nutrient use and concentration,
adsorption, and fixation. This has been demonstrated at facilities throughout the
southeastern U.S.

Nutrients promote plant growth and microbiological activity in the soil. Municipal
wastewater is a fertilizer to these organisms and they respond by increasing metabolism
and growth. Because there is a decreased need to use machinery on the site for
competition control and mowing in the plantation forest system, soil structure is
maintained or improved while at the same time soil microbiological activity is increased
due to litter accumulation. ‘This results in a gradual improvement in soil conditions for
wastewater absorption, infiltration, and renovation.



The estimated average annual nitrogen uptake of forested ecosystems for southern forests
is 250 Ib/ac/yr for 40-60 year old mixed hardwood species, 200 Ib/ac/yr for 20-year old
lobloHy pine with no understory, and 250 Ib/ac/yr for 20-year old loblolly pine with
understory (Crites et al, 2000). According to other publications (Rubin, 1994, EPA, 1981),
the maximum total nitrogen that can be applied to forested sites is 200-400 lb/ac/yr. Other
research indicates that forest plantations with canopy closure can assimilate nitrogen levels
in excess of the 200 Ib/ac/yr (Rubin and Frederick, 1994). In a particular study near Helen
Ga., a southern mixed hardwood forest on a 30% slope was given a loading rate of 3.0
in/wk. The nitrogen loading rate was 608 lb/acre and the percolate nitrate concentration
was 3.7 mg/L. (Nutter et al, 1978).

Trees transpire large quantities of water from much deeper soil depths compared to grass
cover. Trees also support much larger leaf areas for transpiration. Even in the winter,
photosynthesis and transpiration continue to remove water and nutrients from the site,
albeit at a reduced rate. Irrigation water should not be applied to the site whenever icing of
trees can cause physical damage. Such conditions may predispose the trees to disease and
insect damage.

2.1 Irrigation Water Characterization

Wastewater can be described as containing varying levels of essential plant nutrients,
organic compounds, trace minerals, and potentially phytotoxic compounds. Each of these
typical wastewater constituents are assimilated or transformed on a receiver site through.
physical, chemical, and biological processes. The proposed maximum concentrations of
nutrients (mg/L) in the proposed irrigation water using an AdvanTex system at the
UNCBWWTF are anticipated to be ~25.0 mg/L. TN, and ~10.0 mg/L TP (McKim &
Creed, 2011).

2.2 Micronutrients and Trace Metals in Soils / Wastewater

Once the irrigation system is established, annual soil testing must be instituted. The soil
test results will provide recomiendations that will enable proper maintenance. Once soil
testing begins, tests must be accomplished annually to determine trace metals, particularly
zinc and copper, as well as exchangeable sodium percentage (ESP) and concentrations of
macro and micro nutrients in the soil.

2.2.1 Salt Loadings

Imbalances with nutrients such as sodium, calcium, and magnesium may occur in a spray
irrigation system and cause degradation in soil structure, lower soil permeability, lower
soil water infiltration, and lower uptake of nutrients in plants. One way to evaluate the
potential soil problems that may occur on a site receiving irrigation water is to calculate the
sodium adsorption ratio (SAR) for the irrigation water.



The SAR of any irrigation water must be determined and monitored. The SAR is
calculated as the ratio of sodium (Na) to one half the square root of calcium (Ca) and
magnesium (Mg) with all concentrations expressed as equivalents. The SAR calculation
is:

SAR = Na/(Ca/2 + Mg/2) * (units in meq/L)

Generally an SAR in excess of 10 is considered to be a hazard on most soils for irrigation
purposes and system operators must take special precautions to monitor salt levels of
sodium in both irrigation water and soil. In a sandy soil, however, the SAR of irrigation
waters is less of a concern because of the limited exchange capacity of the receiver soils.
Traditionally an SAR in excess of 7.5 is considered to be a mild hazard to irrigation and
system operators should consider establishing a similar monitoring program. If the level of
sodium in the soil exchange complex increases to a level over 10, then corrective measures
such as gypsum addition or injection of magnesium hydroxide into the irrigation water
should be implemented.

Continuing operations with high levels of sodium can result in problems with soil
infiltration and nutrient imbalances. Nutrient imbalances can be controlied through
gypsum application. The sodium in the wastewater and soil should be closely monitored to
prevent future problems with the land application receiver site.

The second concern regarding the SAR is potential adverse impact to plant materials.
Irrigation waters with high SAR values may change the osmotic potential in the soil
solution and this often results in adverse impact to plant materials. For these reasons, the
SAR must be monitored closely. For example, irrigation with liquid containing an SAR of
20 is permissible, provided system monitoring indicates no long-term adverse consequence
to the soil and the plant material (Rubin, 2003). Recent water quality testing data indicates
the UNCBW W'TF irrigation water has an SAR of less than 10 (SAR = 3.5) (Envirochem,
2010). The proposed effluent is anticipated to have SAR values safe for irrigation.

2.2.2 Soil Sodium

Another measure of sodium, completed for the soil, to determine potential problems with
irrigation systems, is called the exchangeable sodium percentage (ESP). ESP is calculated
as follows:

ESP = Na/CEC * 100

Where: Na is an index value for sodium

This calculation should result in data no greater than 10-15%. Soils with ESP values > 10-
15% can be remediated through under draining and adding soluble sources of Ca such as

gypsum (CaSOy), being careful of Mg deficiencies in plants. Ca/Mg ratios should be kept
in balance. The Ca/Mg ratio should not exceed 10/1 to 15/1 based on routine soil testing.



If ESP values exceed 15% then amendments such as gypsum or another calcium substitute
should be added to correct the situation. A prescription of 1 ton/2units ESP is
recommended to address this problem. S ' -

Excessive sodium in the soil system can lead to management problems in the future and
affect the overall capacity of the site. The ESP at the UNCBWWTF receiver site is ~2.0 %,
80 no corrective measures are necessary.

22.3  Trace Metals

The USEPA regulates the levels to which selected metals can accumulate on any waste
receiver site. Most metal levels in domestic wastewater are sufficiently low that
accumulation in the soil is not an issue. Zinc (Zn) and copper (Cu) concentrations,
however, are frequently monitoréd in municipal wastewater at levels of 0.5 to 1.0 mg/1
(Nutter, 1986; Rubin, 1996). The irrigation water received at the UNCBWWTF is
anticipated not to exceed domestic wastewater concentrations and recent effluent samples
revealed a copper concentration of .021 mg/L and zinc concentration of .82 mg/L.

The levels of zinc and copper anticipated in this wastewater should not limit the potential
for irrigation onto forested sites. The maximum cumulative levels permitted for the life of
the land application site are 1,338 Ib./ac Cu and 2,498 Ib./ac Zn (USEPA, 1981). The sité
life (existing fields and new fields) based on these regulated metals and current’ '
concentrations found in the effluent, is in excess of 19,000 years for copper and 949 years
for zinc for the maximum liquid application rate proposed (Edwin Andrews & Assoc.,
2011, USEPA, 2002), - - ‘ ‘ - ‘

3.0 Site Specific Soils/Nutrients

3.1 Existing Soil and Site Conditions

A soils investigation was accomplished across the proposed receiver site. A series of 3.5
in. hand auger borings were done across the site to maximum depths ranging from 36 - 84
in. These borings Were done to characterize the depth of each of the horizons, the color of
the soil material at each of the various depths, the texture, structure, consistence of the soil
material within each of the horizons, and depth to bedrock or other limiting horizon. These
augerings were also done to verify the boundaries of mapping units indicated in the USDA
soil survey for Orange County, NC (USDA GIS, 2010).

The USDA Orange County Soil Survey for the site shows two (2) predominant series
present within the irrigable soil areas: Georgeville silt loam and Herndon silt loam.
Considerable variability in depth, color, and texture was evident across the site depending
on landscape position and historical agricuitural land use. These variations resulted in
subsequent variations in hydraulic loading potentials between the two soil series but not



within soil series sampling. Field investigations revealed similar locations for the soil
series relative to the NRCS soil survey.

The hand auger borings confirmed that the soils mapped on the site according to NRCS
(USDA) are present in the proposed receiver areas. The majority of the soils on the
proposed receiver site consist of Georgeville and Herndon silt loam soils, with the
remainder of the lowlands consisting of Chewacla loam soils. Soil Area 1 (SA1) soils on
the receiver site consist of Georgeville silt loam soils. Slopes range from 2-6%. These
soils are very deep, well drained, moderately permeable soils that formed in material
mostly weathered from fine-grained metavolcanic rocks of the Carolina Slate Belt.
Seasonal high water is typically >6 ft. SA1 soils comprise approximately 62% (3.56 ac) of
the total receiver site acreage (5.71 ac).

Soil Area 2 (SA2) soils on the receiver site consist of Herndon silt loam soils. Slopes
range from 2-6%. These soils are very deep, well drained, moderately rapid permeability
soils that formed in material mostly weathered from fine-grained metavolcanic rock of the
Carolina Slate Belt. Seasonal high water is typically >6 fi, however soil variabilities
across the site indicate some seasonal perching conditions closer to the surface, probably
indicative of slower permeable inclusions. SA2 soils comprise approximately 37% (2.15
ac) of the total receiver site acreage (5.71).

A description of the soil areas including predominant soil series, and existing vegetation is
summarized in Table 3.

Table 1: UNCBWWTF Land Application System Receiver Site Soil Area
Descriptions.

Predominant Soil

Soil Area Series Existing Vegetation
SA-1 Georgeville Grass, Mixed Pine/Hardwood
SA-2 Herndon Grass
3.1.2 Soils Analysis

A composite sample of the top 0-12 inches of soil representing the irrigable upland areas
was collected and analyzed for nutrient composition by NCDA (Table 4). Soil analyses of
the proposed irrigation site indicate that there are nutrient deficiencies, especially nitrogen
and phosphorus. This conclusion is based on the potential crop response to particular
nutrients if fertilizer is applied to the site. The cation exchange capacity (CEC) and base
saturation (BS%) are low as well. The addition of wastewater to the site will improve soil
fertility and consequently the growing conditions and productivity of this site. Additional
agronomy recommendations are found in the Agronomist Report (SWE Group, 2011)



Table 2: Composite Soil Analysis of Uplands (N=22) at the UNCBWWTF Receiver
Site, Orange County, NC (2010)".
p K Ca Mg
Depth pH ppm ppm ppm ppm CEC® | BS%*
(Index)? | (Index) (%) (%)
Georgevillle
0-6 in. 6.0 (5. 66.0 228.9 1154
491 (5.0 (33.8) (35.1) 17.9) 6.1 55.6
6-12 in.’ 2.3 - 476 161.4 102.3
51| (19 (24.3) (29.3) (18.6) 5.3 50.1
Herndon
0-6 in. 51.3 70.7 212.6 82.2
47| 2.7 (36.1) (34.4) (13.1) 6.1 50,7
6-12 in. 9.8 65.2 183.7 96.1 ‘
50| (8.2 (33.3) (33.0) (16.8) 5.5 52.7

" Laboratory Soil Test Reports (2010).

? Indox values reported by NCDA (2010) http:/fwww.ncagr.com/agronomi/pdffites/ustr pdf
# Cation exchange capacity (meq/100g) ~ defined as the amount of cations adsorbed on

under chemically neutrat conditions.
4 Base saturation — defined as the percentage of the CEC occupied by base cations

soil-particle surfaces per unit mass of the soil

Table 3: Range of Nutrient and Lime Recommendations as Ibs/ac or tons/ac for Lime, for
the UNCBWWTF Land Application Receiver Site, Orange County, NC (2010) .

Recommended Application
Soil Area 1 Soil Area 2 Soil Area 3 Soil Area 4
Lime 0.5-1.0 0.5-1.0 0.5-1.0 0.5-1.0
N 80-120 80-120 80-120 80-120
P 40-90 40-90 40-90 40-90
K 0-60 0-60 0-60 0-60
Trace - - - -

1. Nutrient and Lime Recommendations grovided by the NCDA - Agronomic Division (2010)

Maintenance of soil fertility is an important component of any land treatment operation.
Without vegetation, the effectiveness of any land application operation is compromised. In
general the soils mapped by NRCS and SWE Group at the UNCBWWTF land application
receiver site are well suited for land application. The soil depth is sufficient to allow
irrigation of water in addition to rainfall for the best soils. The lower horizons are deep
and the forest cover and vegetation provides a means for nutrient and water cycling.

The irrigation water applied will provide supplemental nutrients and a consistent source of
water to growing crops. Soil testing should be done on an annual basis, and additional
nutrient applications should be consistent with the recommendations to maintain crop
productivity and maximize wastewater irrigation. '
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3.2  Nutrieat Loadings

The supplemental nutrients in the proposed irrigation water will enhance the soil fertility
on the receiver site. Soil testing provides site specific lime and fertilizer recommendations
for specific crops and field conditions and to optimize growth.

The management of soil fertility without soil testing is not recommended since soil nutrient
and pH relationships are complex. Acid soils, for example, can limit root growth and
cause certain nutrients to be unavailable for plants. Unless soil acidity and pH are
corrected through liming, applying fertilizer may not cotrect the problem. Soil testing
measures the soil’s nutrient-holding capacity and provides a sound basis for land
management decisions. Fertilizer recommendations based on soil test information
optimize crop yield, save money, and protect the environment from excess fertilizer runoff.
Following recommendations for lime application can produce similar benefits.

It is recommended and ofien a permit condition to test the soils on an annual basis in order
to fine-tune irrigation events on the receiver sites. Sampling should be done during the
same time of the year and samples need to be analyzed by a lab certified for the testing of
soil, ‘

3.2.1 Nitrogen Loadings

The nitrogen content of a wastewater source and the current volume irrigated are utilized to
determine the amount of plant available nitrogen applied to a site. The total nitrogen level
in a wastewater source is determined by measuring the levels of total Kjeldahl nitrogen
(TKN), ammonia nitrogen (N}Hs), and nitrate/nitrite nitrogen (N03/N0Q3) in the irrigation
water. N03/NO; and NHj3 are the inorganic forms of nitrogen and total Kjeldah! Nitrogen
(TKN) is the organic form of nitrogen. In most domestic wastewater facilities, including
the UNCBWWTF, the biological activity in the storage lagoons will break down the
organic matter releasing and or consuming the nitrogen as energy in the p'rocess Itis
estimated that the nitrogen in the wastewater will primarily be in the i morgamc fraction,
and of this amount, a large portion will occur in the NH; form.

It should be noted that the following approximate PAN calculations do not account for the
microbiological transformations in the soil and storage lagoons such as mineralization and
immobilization or ammonium volatilization. When accounted, actual plant avallabIe
nitrogen loadings will be less than calculated approxxmate PAN loadings.

Proposed design nitrogen concentrations for the UNCBWWTF wastewater were used for
estimating PAN loadings. Liquid ifrigated orito the receiver sites will contain approximate
levels of nitrogen reported as ~25.0 mg/1 total nitrogen (TN).



Potential Hydraulic Loadings:

Soil Area 1(3.56 ac) (.21 in/wk}
2,896gpd

Soil Area 2 (2.15 ac) (.21 in/wk)
1,749 gpd

Ligquid L_l_)adi_nggz

Soil Area 1 (.21 in/wk) -- (80™ %tile) ‘ |
250 mg/L. TN * (I 057,113 gal/yr) * 834 (lb/IOf’ gal/ng/L) / 3.56 ac = 61.9 ths TN/ac/yr

Soil Area 2 (21 in/wk) - (80" 9tile) ..
25.0 mg/L TN * (638,395 gal/yr) * 8.34 (Ib/10° gal/mgm)/ 2. 15 ac =61.9 tbs TN/ac/yr

Soil Area 1&2 (.21 in/wk) — (80™ %tile)
25.0 mg/L TN * (1,695,508 gal/yr) * 8.34 (1b/10° gal/img/L) / 5.71 ac = 61.9 Ibs TN/ac/yr

PAN .
PAN= MR(TKN NH3)+[(1 VR)*(NH3)}+(N03+N02)“ 21.5 ppm
Where
PAN= Plant Available Nitrogen
MR= Mineralization Rate (40%)
VR= Volatilization Rate (50%)
*TKN= Total Kjeldhal Nitrogen (~25.0 ppm)
*NH3= Ammenia Nitrogen (~ 15.0 ppm)
*NO3= Nitrate Nitrogen (~10. 0 ppm) .
*NO2= Nifrite Nitrogen (~ 0.0 ppm)
*Source: McKim & Creed (201 1)- Proposed AdvanTex System

Soil Area 1 (21 m/wk} (807 ogtile) ‘
21.5 mg/L TN * (1,057,113 gal/yr) * 8.34 (1!::/106 gaUmg/L} /3. 56 ac = 53 2 lbs PAN/ac/yr

Soil Area 2 (21 in/wk) - !80m %tile) ' ‘
215 mg/L TN * (638 395 ga!/yr} * 834 (Io/ 106 gaI/mg/L} / 2 15 ac=53.2 Ibs PAN/ac/yr

Soil Area 1&2 ( 21 m/yyk) —(80% %tile) -
21.5 mg/L TN * (1,695,508 gal/yr) * 8.34 (ib/10° ga}/mg/L)/ 5.71 ac=53.2 Ibs PAN/ac/yr

This annual approximate PAN nitrogen loading rate is calculated by multiplying the
amount of ~PAN nitrogen in the wastewater by the gallons of wastewater applied. This
number is then converted to pounds of ~PAN nitrogen being applied on the entire site and -
subsequently divided by the total acreage to yield pounds of ~PAN nitrogen per acre per
year. The final numbers show that the annual average hydraulic loadings anticipated by
the current design will result in a maximum annual average application of approximately
53.2 Ibs PAN/ac/yr during an 80%tile wet rainfall year for all soil areas.

This number is higher than actual plant available nitrogen loadings because, as previously
stated it does not account for soil microbiological interactions and potential denitrification
processes occurring in the storage ponds prior to application. These numbers were used to
provide a conservative estimate of total plant available nitrogen to meet the agronomic
needs of the receiver crops and to protect adjacent streams and groundwater from nutrient
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enrichment. The anticipated liquid loadings are within acceptable nutrient loadings for the
proposed land application systems as indicated by state water quality agencies and
demonstrated in other permitted natural forest/forage land application systems in the
southeast. In fact, these PAN loadings are very low and supplemental N will be required o
optimize crop production.

3.2.2 Phosphorus Loadings

Domestic wastewater contains low levels of phosphorus as total phosphorus (TP),
phosphate (POy) or (P20s). Each of these forms of phosphorus can be essential as nutrients
for plants. Plants generally require phosphorus at a rate of 25% to 50% of the nitrogen
application rate. The TP concentration for the UNCBWWTF will have a proposed design
concentration of ~5.0 mg/L. Liquid irrigated onto the receiver site will contain a TP level
calculated as: :

Potential Hydrautic Loadings:

Soil Area 1 {3.56 ac) (21 infwk)
2,896 gpd

Soil Area 2 (2.15 ac) (.21 in/wk)
1,749 gpd

Liquid Loadings:

Soil Area 1 (21 in/wk) - (80™ %tile)
5.0 mg/L TP * (1,057,113 gal/yr) * 8.34 (1b/10° gal/mg/L)} / 3.56 ac = 12.3 Ibs TP/ac/yr

Soil Area 2 (.21 infwk) — (80" %tile)
5.0 mg/L TP * (638,395 gal/yr) * 8,34 (Ib/10° gal/mg/L) / 2.15 ac = 12.3 Ibs TP/ac/yr

Soil Area 1&2 (.21 in/wk) — (80™ %tile)
5.0 mg/L TP * (1,695,508 gal/yr) * 8.34 (1b/10° gal/mg/L) / 5.71 ac = 12.3 Ibs TP/aclyr

Under acidic soil conditions, phosphorus fixation will be dominated by Al and Fe
compounds. A regular soil testing regime, and liming program, should be followed to
allow maximum agronomic availability of both native and fertilizer applied phosphorus.
The efficiency of phosphate uptake by plants will be higher if lime is applied to the site
prior to irrigation. Assuming 75% availability, PAP will be ~9.3 Ibs/ac/yr for both soil
areas. These phosphorus loadings can be assimilated by the cover crops and soils
specified. In fact, P loadings are low and supplemental P may be required to optimize crop
production.

The assimilative capacity for phosphorus is below that for nitrogen and the existing levels
of phosphorus can be assimilated by the forest crops and soils specified provided an
effective sedimentation and erosion control program is in place. The sedimentation and
erosion program in place for the facility is necessary to reduce the loss of phosphorus,
which exits a site adsorbed to fine soil particles lost with runoff during storm events.
Riparian buffers are also important sinks for phosphorus transported in overland flow
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during periods of unusually high precipitation. The UNCBWWTF receiver site will have
vegetated buffers around waters of the state adjacent to irrigation fi eids to help trap and
sequester phosphorus moving toward surface waters.

3.2.3 Organic Loadings

Average monthly BOD (biochemical oxygen demand) and TDS (total dissolved solids) in
the effluent is anticipated to be between <10 mg/L and <5 mgfL respectively, based on
design effluent concentrations.

Given that a site with moderately drained soils can accommodate up to 10,000 ib/ac/yr
organic loadings (Carlile et al., 1974 Crites et al., 2000, EPA, 1981, Rubin, 2002), the
organic loadings at the proposed receiver site will be within the site limitations.

3.2.4 RYE Calculations (NCDWQ)

NCDWQ aquifer protection section permit application guidance requires an analysis of
nutrient uptake by crops using sofiware and a database developed by N.C. State
University, the Natural Resource Conservation Service, the North Carolina Department of
Agticulture and Consumer Services, and the North Carolina Division of Soil and Water
Conservation. This nutrient management software allows an analysis of the nutrient
requirements of proposed crops at the recetver site. Nutrients analyzed include nitrogen
and phosphorus.

The analysis for the UNCBWWTF included a variety of soils and two crop regimes; forage
grass and natural forest. The forage grass nutrient requirements were calculated for fescue
and Coastal Bermuda grass. No data is currently available in the nutrient management
software for forest systems. So, nutrient recommendations were based on current
literature, site and soil conditions, and historical permitted forest systems in the State.
Nutrient management recommendations are given in Table 4 below.

Table 4: Nutrient uptake and removal and yields for proposed cover crops at the
UUNCBWWTF receiver site.

Soil Crop RYE (tons)™ | Nitrogen Irrigation Area Phosphorus Irrigation
Application | (ft%) Removal Area
Rate - (b/ac/yr) " ft?)
(ih/ac/yr) M .
SA1 Fescue 32 136 70,595 51 37,650
Georgeville Coastal 38 159 60,383 46 41,743
Bermuda
Forest - 150 + 64,006 40 + 48,004
SA2 Fescue 39 174 29,581 63 24,158
Herndon Coastal 48 . 213 27,220 58 19,993
Bermuda .
Forest - 150+ 38,653 40 + 28,990

1.] ‘Based off management recommendations from NCSU et al. (http:/nutrients soil. nesu.edufyvields)
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The anticipated nutrient loadings at the UNCBWWTF are within economic-based
agronomic limits supported by NCDWQ at this time. The site is limited by hydraulics and
therefore nitrogen and phosphorus can be assimilated by the system within both soil areas.
Overall, the UNCBWWTF will function as a viable receiver site for treated wastewater and
enhance growth of established and new cover crops based on RYE application rates.

3.2.5 Recommendations

A composite wastewater sampling program should be instituted to address the various
inputs to the land application system irrigated through the UNCBWWTF program. The
wastewater parameters to be monitored include as a minimum the following: total mtrogen
and plant available nitrogen (Kjeldahl-N (organic) and NH3-N, nitrate, and ammonium
(inorganic)), total phosphorus, potassium, sodium, calcium, magnesium, copper, zine, -
BOD, and TSS. These are all critical parameters in a forage or forested land application
system. The sodium adsorption ratio (SAR) of the liquid irrigated should be less than 10-
15, however spraying is not precluded should an SAR value higher than 10 occur. Only
when an SAR value higher than 10 occurs, additional site management steps may be
necessary, such as adding gypsum directly to the fields or injecting magnesium hydroxide
into the irrigation water should plant or plant-soil relationships become compromised. The
operator of the WWTF must be informed of the results obtained through the monitoring
effort. The operator may be required to modify management operations as a result of the
monitoring data, and quick, timely responses to impending soil fertility changes will avert
long term problems in this program. Optimization of land treatment operations will
require addition of supplements as determined by soil test data.

4.0 Forest System Site and Species Selection

Forest systems have a variety of attributes favorable for treatment and cycling of municipal
wastewater including: 1.) Most natural forest stands sites are nutrient deficient and capable
of assimilating large amounts of nutrients through biotic conversion and soil adsorption,
and 2.) Trees have perennial root systems, which allow year round uptake of nutrients and
enhance infiltration.

Detailed knowledge of site history and soil characteristics is necessary for proper design
and maintenance recommendations of wastewater application systems. Ideal wastewater
application sites will have deep (>1m) soils with loam to sandy loam surface horizons over
silt loam to sandy clay loam subsurface horizons. Soils well suited for high nutrient and
hydraulic loading rates will be well drained (water table >1m deep) with pH values
between 5.5 and 7.0 (Frederick et al., 1994). Soils that are very clayey or very sandy are
somewhat limited for wastewater applications, although waste characteristics and
application rate are important mitigating factors. The soils present at the UNCBWWTF
receiver site are well-suited for forest establishment and wastewater land application.
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Hardwood (deciduous) species tolerant of saturated soils are generally preferred for
wastewater application. Hardwood species are generally preferred because of high nutrient
uptake, rapid early growth rates, ability to resprout after harvest, and tolerance of saturated
conditions as compared with most Pinus (pine) species. However, well established pine
stands are tolerant of increased soil wetness due to irrigation.

4.1 Site Selection

Site selection is critical when establishing a wastewater application system. Existing
published data (i.e. soil surveys, hydraulic conductivities, etc. ) are useful to determine
general site characteristics, but detailed information may be necessary for proper design of
the system. Detailed field study provides data regarding microsite variation, existing soil
fertility, in-situ soil texture and morphology, and water table depth. This site specific data

are essential to estabhsh proper loading rates, species recommendations, and maintenance

recommendations.

4.2 Species' "S'elect_i(m"

In'the case of plantat:on establishment, species selectmn is dependent on the anticipated
hydraulic Ioadmg, waste characteristics, soil characteristics, seedling avaliabihty, and
desired rotation length (i.e. final product desired). Several hardwood tree species have
been successfully used throughout the Southeast for biomass plantations and wastewater
application (Table 4). These species vary in their tolerance to flooding and soil saturation,
and exhibit different growth potential according to soil characteristics. The objective of
species selection is to maximize growth and nutrient uptake for a given wastewater
application.

Based on the anticipated hydraulic loading rates, wastewater characteristics, soil and site
characteristics, several tre¢ species are recommended for the moderate to well drained soil
areas (SA1 and SA2) (Appendix — Figure 4). Hardwood species are generally preferred
because of high nutrient uptake, rapid early growth rates, ability to resprout after harvest,

and tolerance of saturated conditions as compared with most Pinus (pine) species. Further,

the potential for coppice woodland operations enhances potential for nutrient removal and
hydraulic loading to sites.

Many of the bottomland oak species do not exhibit good growth with prolonged soil -
saturation and subsequent rhizosphere hypoxia (Gardiner et al., 1993). In addition to site
considerations, the growth pattern and length of rotation should be considered. Growth
patterns of sweetgum (Liguidambar styraciflua), sycamore (Platanus occidentalis), and
oaks (Quercus sp.) vary considerably (Frederick et al., 1994). On a good site, sycamore
will grow very fast at first, then taper off after age 6 to 12 years without intermediate
thinning. Oak species generally grow slowly at first, followed by a period of rapid growth,
Sweetgum exhibits intermediate growth usually equivalent to pine species. However all
hardwood species are able to resprout (i.e. coppice) following harvest, producing multiple
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rotations from one rootstock and maintaining high nutrient and hydraulic assimilation
capacity of the system.

We recommend establishing the irrigation system with different species within the existing
hardwood forest and maintain the existing vegetation until harvest. Open fields can be
managed exclusively for forage species, or combined with forest crops in & tree plantation.
When and if harvesting of the existing forest cover occurs, we then recommend replanting
the forested areas with a variety of tree species which prefer moderately well-drained soils
(SA1 and SA2) and moderate pH levels at 1.8 x 3.0 m (6 x 10 f&) spacings. Sycamore,
sweetgum, green ash, and hybrid poplar (Populus deltoides X P. nigra) have been utilized
successfully at several existing wastewater irrigation sites in the southeast (Table 4).
These species are ideal for the soil and site characteristics found at the UNCBWWTF
receiver site (Appendix — Figure 4).

Buffer plantings can be established, if desired, as a screen between the irrigation fields and
roads, and in buffers between the irrigable and non-irrigable areas with seedling spacings
similar to the other planting areas. These plantings may include wax myrtle (Myrica
cerifera) or other fast-growing vegetation suitable for buffers or natural screening.
Portions of the proposed buffer zones that are not currently forested should be planted with
a variety of native tree species that are adapted to grow on similar sites.

5.0 Vegetation Maintenance and Monitoring

Data obtained through the investigation of the soils and site characteristics at the
UNCBWWTF receiver site were utilized to determine the best suitable receiver crop or
combination of crops. Recommendations are provided for vegetation maintenance and
monitoring on the existing wastewater receiver site.

5.1 Forest System Maintenance

Forest systems used for wastewater application require less maintenance as compared with
crop and forage systems. However, periodic inspection and early maintenance are
important to ensure the success of forest plantations. Equipment traffic on saturated soils
may cause rutting, increase surface ponding, and alter the hydraulic conductivity of the soil
and should be avoided. Herbaceous competition should be controlled between planting
rows using mowing equipment until canopy closure at year 4 or 5, sooner for recently

Table 5: Characteristics of Common Tree Species Used in Wastewater Land

Application Systems.
Species Flooding Preferred soil Preferred soil
tolerance '** texture *° pH range 46789
Platanus occidentalis mod. tolerant sandy-silt loam (coarse) | 5.50-7.50
(sycamore)
Liguidambar styraciflua | tolerant silt-clay loam (fine) 5.50-7.50
(sweetgum)
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Fraxinus pennsylvanica | very tolerant moderate to coarse 4.15-7.50
(green ash)

Acer negundo tolerant v. coarse to v. fine 5.00-7.10
{boxelder) _

Quercus sp. v, tolerant — moderate to fine 4.50-3.50
(oaks) mod, tolerant

Nyssa aquatica very tolerant moderate to v. fine 4.00-5.50
{water tupelo) '

Populus heterophylla very tolerant heavy clays (fine} 4.60-5.90
(swamp cottonwood)

Populus deltoides v. tolerant — f.sandy loam —silt 5.50-7.50
(cottonwood) tolerant loam

Populus deltoides X P. | tolerant — medium texture 6.00-7.00
nigra (hybrid poplar) mod. tolerant

Taxodium distichum very tolerant silty clay-loam 4.60-6.90
(bald cypress) '

Pinus elliottii mod. tolerant coarse to fine e
(slash pine)

Pinus taeda intolerant — sand-clay 4.50-6.50
(loblolly pine) mod. tolerant ' (moderately acid)

"Baker, 1977, *Hook, 1984; * Gill, 1970; * Willett and Bilan, 1993, Gardiner et al., 1993;
¢ Burns and Honkala, 1990; " Harrington, 1991, ® Baker and Broadfoot, 1979; ® Broadfoot, 1976

Table 6: Recommended Vegetation Species for Vegetation Areas at the UNCBWWTF
Land Application System Receiver Site, Orange County, NC.

Vegetation | Species Comments
Area (Soil '
| Area)
green ash - plant better drained areas with one or
sycarore more of these species
- species planting depends on seedling
1 sweetgum availability '
hybrid poplar
bald cypress
green ash - spacies planting depends on seedling
2' sweetgum avatlability :

bald cypress

harvested trees. It should be noted that any equipment trafficking should only take place
when the irrigation site is adequately drained. Equipment traffic on saturated soils may
cause rutting, increase surface ponding, and alter hydraulic conductivity of the soil. No
herbaceous competition control is required at this time with the existing pine and mixed
hardwood forest on the receiver site. Herbaceous competition control will be necessary on
the open forage grass fields prior to establishment. Following harvest, and replanting,
herbaceous competition should be controlled until canopy closure. The following
discussion below applies to the system following replanting of hardwood trees.




Irrigation equipment and infrastructure should also be maintained to ensure proper
application of wastewater. Herbaceous plants and vines grow rapidly with wastewater
applications and may interfere with stationary sprinkler operation. Sprinklers should be
routinely inspected and herbaceous/vine growth should be removed. In addition to
infrastructure maintenance, periodic inspections of wastewater plantations are necessary to
identify and control specific problem areas. Insects, disease, deer browsing, and rodents
can damage wastewater plantations and are difficult to anticipate. Early identification of
these problems is important to minimize the effects on the system and maximize plantation
yield.

5.2 Forest Harvesting Recommendations
Forest Plantation Stands

Thinning and pruning of plantations may be necessary between 5-10 years initially and
following harvesting, and pulpwood harvest may occur at 8-20 years depending on
wastewater loading, species, and site characteristics. Plantation maintenance
recommendations for the UNCBWWTF forested plantation areas include:

¢ Regular mowing of the forage grass fields and between planting rows within the spray
field with low ground pressure equipment (2-4 times/yr.) following adequate
drainage/dry down of the spray zone.

¢ Sprinkler inspection to ensure adequate coverage and adjust for areas where ponding
and/or surface runoff may occur such as installing hand valves to fine-tune irrigation
events.

s Periodic inspections after severe rainfall events to locate isolated depressions and fill
using appropriate loam or sandy loam material to facilitate vertical drainage.

Existing Natural Forest Stands

Both natural stands and plantations irrigated with municipal wastewater exhibit accelerated
growth. Since the primary objective of this land application system is nutrient and water
uptake, forest stands should be harvested near growth peak to maximize the nutrient
removal capacity and evapotranspiration (ET) of the system.

Harvesting can be accomplished using standard mechanized equipment such as feller-
bunchers and skidders. Harvesting contractors should be instructed to operate equipment
with caution when working around permanent irrigation systems. Site operators should
also allow sufficient time for a wastewater site to dry out prior to traffic by heavy logging
equipment. Soil rutting, soil compaction and physical damage to irrigation equipment are
expensive to repair.

Predominantly Mixed Pine/ Hardwood Stands

It is recommended that no forestry activities such as precommercial thinning cutting be
done on these areas for the next 20-25 years. Trees will be competing among themselves
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and there is no point in'doing any s‘tocking reduction until a final canopy height is reached
(about 20-30 years). At year 25 it is recommended a thinning be completed to improve
quality, species composition and spacing (access). This thinning could be followed by
another thinning at about 35 years. This is optional but would help to greatly improve the
species composition, quality, and value of the stand. The forest stand could then be
clearcut at age 50 or it could be carried on to an older age 60 — 80 years. The latter option
will result in higher quality wood and add more value to the stand as well as increasing
biodiversity values (wildlife, aesthetics, green space etc).

Overall, the proposed wastewater receiver site is ideal for a forest system. This system
will result in the most effective wastewater treatment and assimilation system based on the
existing site conditions, hydraulic loading rates, wastewater characteristics, and soil
characteristics. A tree system will only require periodic mowing, brushing, and/or
herbiciding between planting rows until canopy closure and the inspection of the spray
field operation to ensure proper functioning. Following harvest of the trees at peak
growth, vegetation will sprout from remnant stumps and the functioning of the system will
continue. The long term presence of forest cover and reduced vehicle traffic with forest
systems will greatly improve infiltration and other soil characteristics imporfant for
renovation of wastewater and récharge of groundwater. - '

The success of either natural or plantation tree systems depends on the routine operation,
maintenance, and optimal performance of the irrigation system. Tree establishment, -
maintenance, and harvesting should be accomplished by qualified professionals. Routine
maintenance should be performed by the certified system operator. Success of the system
should result in additional income from the sale of pulpwood and/or sawtimber.

Foreste_d_‘ Land Ap_ plication sttem Main_tenagce _§_UM*_M_AR¥,

Following are recommendations for maintenance of a hardwood spray ﬁeid plantation at
the UNCBWWTF receiver site: o

» Maintain a minimum of 10-15 fi. separation between spray heads and tree rows, Spray
pressures < 80 psi will not harm or debark planted trees. Trees have been selected for
smooth bark to eliminate this problem.

* Band-apply an herbicide such as Oust, Garlan 3, Garlan 4, or Roundup to planting rows
if necessary to control herbaceous weeds and vmes

¢ Follow up inspection and replanting as necessary (w1thm one year following
repianting).

* Regularly mow the fields and between planting rows within the spray field with low
ground pressure equipment (2-4 times/yr.) following adequate drainage/dry down of
the spray zone. Maintain rows and keep track of supplementally planted trees with pin
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flagging for each row at a minimum. Flagging of individual trees may be necessary
during the early stages of growth for one to two years.

s Inspect sprinklers to ensure adequate coverage and adjust for areas where ponding
and/or surface runoff may occur. Remove any climbing vines from sprinkler risers.

e Prune trees no more than 60% bole (tree trunk/stem) and 40% crown (remaining
branches/leaves) to allow for equipment access and for wood quality as needed
annually.

¢ Maintain site drainage such as road side and adjacent ditches.

6.0 Receiver Site Forage Species Selection

Forage/grass systems are viable options for the UNCBWWTF land apphcatton irrigation
project. The receiver sites may contain a combination of forage/grass species in the open
fields. The forage/grass system will utilize a combination of a variety of shade tolerant and
sun favoring forage grass species. These areas will be managed for nutrient and water
assimilation.

Selection of this system and location was determined by the soils, existing site conditions,
proposed crops, topography, and location of surface waters. Figure 3 (Appendix A) details
the proposed receiver site areas and recommended land use. Detailed recommendations
for the initial establishment, maintenance, management, and harvesting of vegetation on
this system are provided in Section 7.

6.1 Forage Grass System

Forage grass systems can be established on a variety of soils and exhibit characteristics to
effectively treat reuse water and assimilate nutrients in growing vegetation. These
characteristics include:

1. Forage grasses tolerate a wide range of soil moisture levels.

2. Forage grasses utilize significant levels of nutrients.

3. Forage grasses develop perennial root systems and consume nutrients throughout
the growing season.

4. Forage grasses may be perennial and remain productive for several years without
replanting.
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6.1.1 Site Selection

Site selection is critical when establishing a forage grass reuse water application system.
Existing published data (i.e. soil surveys, hydraulic conductivities, etc.) are useful to
determine general site characteristics, but detailed site specific information may be
necessary for proper design of the system. Detailed field study provides data regarding
microsite variation, existing soil fertility, in-situ soil texture and morphology, and water
table depth. Site specific data is essential to establish proper loading rates, species
recommendations, and maintenance recommendations. This report utilizes site specific
data as well as existing soil and land use data.

6.1.2 Species Selection

Forage grass species may be utilized for some of the irrigation water land application
system for the proposed project. A variety of forage grass species are compatible with the
proposed system including coastal Bermuda grass (Cynodon sp.)(only in very open, sunny
areas), fescue (Fetescue sp.), eastern gamma grass (Tripsicum sp.), bent grass (Agrostis
sp.) and dallisgrass (Paspalum dilatatum). All forage grass species will be established and
managed to meet the nutrient and hydraulic demands of the growing crop.

Table 7: Recommended Vegetation Crop for Forage/Grass Areas at the Proposed
UNCBWWTF Receiver Site, Orange County, NC.

Vegetation

Area (Soil
Area) - Crop . Comments
SAl & SA2 Forest and/or Coastal Bermuda grass - managed for nutrient and water

and other perennial grasses (i.e. tall assimilation. .

fescue, or hybrid fescue)

7.0 Forage Vegetation Establishment, Management, and
Harvesting

Data obtained from the investigation of the soils and site characteristics at the
UNCBWWTF receiver site were utilized to determine the best suitable receiver crop or
combination of crops for the proposed irrigation water. Recommendations are provided
for vegetation establishment, management, and harvesting on the proposed water receiver
site.

7.1 Fertility

Based on soil fertility samples, fertilizer recommendations for the forage grass receiver
crops are provided in Table 3. Fettilizers should be applied to the site at the recommended
rates prior to vegetation establishment and management. This is essential to the success of
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the vegetation and the overall success of the land application system. According to recent
soil sampling (NCDA, 2010), supplemental nutrients will be required prior to
establishment of a forage grass system, and following system establishment should be
continually determined through annual soil testing:

A. .5-1.0 touns lime/ac ~ Soil pH is moderate to low. pH influences the availability
of essential plant nutrients. The lime recommended is required to facilitate the
uptake of essential plant nutrients. This should be supplied in the form of

- dolomitic lime to insure Ca/Mg ratios stay in balance.

B. 80-120 Ibs nitrogen/ac ~ This is generally supplied in the form of iirea,
ammoniacal nitrogen, or niirate nitrogen in inorganic fertilizers.

C. 40 to 90 Ibs phosphorus/ac — This is generally supplied as a phosphate
compound. The phosphorus recommended is essential for root development.

D. 0to 60 Ibs potassium/ac — Generally this is supplied as a salt of potassium such
as potassium chloride. Potassium is essential for development of root, stem, and
leaf tissue.

E. 3 lbs copper/ac — Bermuda grass requires trace minerals to prosper. If copper
levels in the soil are very low supplemental copper must be supplied. Generally
this is supplied through the addition of copper sulfate.

F. 01Ibs zinc/ac — Bermuda grass requires this trace mineral to grow and prosper.
If zinc levels in the soil are very low supplemental zinc must be supplied. This
is usually added in the form of chelated zinc or zinc sulfate.

7.2 Forage Grass System Establishment, Management, and Harvesting

7.2.1 Forage Grass System Establishment

Coastal Bermuda grass can be established on most sun exposed areas using live sprigs at a
sprigging rate of 40 bushels per acre. Sprigs should be placed 2 to 3 inches apart with 24
to 30 inch rows during the months of early March through April. Sprigging can be
completed later in the growing season provided irrigation is available to the newly
established plants. Establishment of the forage system species should proceed as follows:

1. Disk and subsoil to a depth of 12-18 inches, remove existing vegetation and
incorporate chemical controls for existing vegetation for establishment only.
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Adjust soil fertility with lime and nutrients.

Disk and pulverize soil in seedbed.

Incorporate seed or sprigs at rates recommended.

Irrigate to assure crop germination or sprig development.

i

Eastern gamma grass, fescue, and dallisgrass should be established on shaded areas and
areas with higher sfopes using pure live seeds 4t 15 Ibs/ac. Seeds should be placed
between 0.75 and 1.0 inches apart durmg the months of April through mid June. Fescue
can be established as well. This can be accomplished by disking in a cover crop of fescue
in the fall (Sept.-Nov.) (broadcast 10-15 Ib/ac or drilled at 6 Ib/ac) Establishment of a
fescue crop is possible in the early spring as well (Mar. —Apr)

7.2.2 Forage Grass System Management

Forage grass system management recommendations for the UNCBWWTF receiver site
include: '

Follow up monitoring of forage plantings within one year after planting.

¢ Regular cuiting of the receiver sites with low ground pressure equipment following
adequate drainage/dry down of the spray zone.

e Grass clippings should be mowed on a regular basis left in place to provxde organic
matter and nutrients for the regenerating crop. Clippings left on the receiver sites
provide important carbon and nutrient sources for contmued vegetation growth and soil
quality improvement.

¢ Sprinkler inspection to ensure adequate coverage

Irrigation operations on the forage/grass areas should be limited to times from the very
early morning, to late afternoon or early evenmg This assures that the crop is irrigated
during or near daytime hours and this minimizes the potential for plant diseases to impact
the forage crop. Turfand other grass crops are susceptible to fungal infections if irrigated
extensively during nighttime hours. The lmgation operations must be scheduled primarily
during daytime or near daytime hours. Irrigation in the late evening followed by long
periods of dark is not a recommended reuse practice.

7.2.3 Forage Grass Harvesting

The forage system (all species) should produce a yleld of 3to 8 tons/ac/yr, provided
nutrient loadings, fertilization, and irrigation is provided. The grass should be mowed on a
regular basis and left in place to provide organic matter and nutrients for the regenerating
crop. As mentioned before, clippings left on the receiver sites provide important carbon
and nutrient sources for continued vegetation growth and soil quality improvement.
Mowing on the fields should be done with fow ground pressure equipment when the soil is
dry or cannot be compacted.
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Forage Grass Land Application System
Establishment Summary

Following are recommendations for establishment of a forage grass receiver site system at
the UNCBWWTF:

e Delineate access corridors for sprinkler system and anticipated maintenance areas.

¢ Lime and fertilize receiver site to improve early growth and survival of groundcover
according to recommendations provided in Table 3 and Section 7.1 of this report.

¢ Rip planting areas and/or disk to improve infiltration and incorporate any surficial
organic material, lime, and fertilizer.

e Seed the receiver site with a groundcover consisting of Bermuda grass, tall fescue,
gamma grass, dallisgrass and/or annual ryegrass.

e Band-apply a preemergent herbicide to planting areas if necessary to control
herbaceous weeds (i.e. 2% glyphosphate sln.).

» Plant forage species within proposed planting areas shortly after site preparation has
been completed in early spring or fall. Seeding rates as recommended by Cooperative
Extension for fescue are typically 20 to 40 pounds of seed/ac. Rates for Bermuda grass
sprigs are typically 40 bushels/ac with incorporation and 60 bu/ac with broadcast
distribution. Incorporation is recommended to support sprig survival.

o All planting areas should be irrigated immediately following planting and regularly
throughout the first two growing seasons (i.e. March 1 through November 30) to ensure
initial survival and growth.

Follow up inspection and replanting as necessary (within one year following planting).

8.0 Conclusions / Summary
Overall, the proposed land application receiver site system is a viable option for

wastewater irrigation and remediation at the UNCBWWTF. These systems are also
compatible with achieving water quality standards set forth by state agencies for nutrient
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sensitive regions. This system will result in the most effective wastewater treatment and
assimilation system based on the existing site conditions, hydraulic loading rates,
wastewater characteristics, and soil characteristics.

Utilizing a combination tree and forage system will require less maintenance than a forage
system alone. The Jong term presence of forest cover and reduced vehicle traffic with
forest systems will greatly improve infiltration and other soil characteristics important for
renovation of wastewater and recharge of groundwater. When implemented and managed
properly, the forested land application system will utilize hardwood tree species capable of
producing large amounts of biomass, while providing favorable soil conditions to enhance
adsorption and denitrification of phosphorous and nitrogen respectively.

The overall success of the tree system depends on the routine operation, maintenance, and
optimal performance of the irrigation system. Tree establishment, management, and
harvesting should be accomplished by qualified professionals. Routine maintenance
should be performed by the certified system operator.

With proper site management, hydraulic and nutrient loading management, the site will
perform as a means to treat wastewater and protect surface waters entering nearby river
basins. Site, soil, vegetation, and water quality all combine to support the existing
wastewater land application system. Continuous monitoring of the quality of the irrigation
water applied to the receiver site as well as annual soil testing must be accomplished as an
ongoing part of this project. The results of the water quality monitoring must be
communicated to all personnel involved with this land application system, including
landscape managers, as well as regulatory agency personnel responsible for assuring
compliance with environmental mandates.

9.0 Environmental Effects

If managed properly there should be no adverse environmental effects from the
establishment and management of a wastewater land application system at the proposed
receiver site. Site, soil, vegetation, and water quality all combine to support the existing
system. Continuous monitoring of the quality of the wastewater applied as well as annual
soil testing combined with adherence to the recommendations in this report will ensure the
system is successful. '

The irrigation of this wastewater will increase soil fertility and productivity at the
UNCBWWTF receiver site. The existing system will enhance adjacent wetlands and low
lying areas with increased base flow. If managed properly, there will be no adverse
impacts to groundwater supplies or surface water supplies. The addition of water and
nutrients to the site may benefit wildlife through increased biological activity in adjacent
wetlands and low lying areas.
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APPENDIX A

Receiver Site Maps
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APPENDIX B

PAN, Nitrogen and Phosphorus Balance Calculations
(Page 18, Item 11. Cover crop information, NCDWQ Form: WWIS 12-06)



Reuse Water Characterization

The anticipated effluent will meet reuse water quality standards set forth by NCDWQ. Levels of BOD and total
suspended solids (TSS) must be < 10 mg/L and 5 mg/I. respectively and meet the federal shellfish standard for
coliform of < 14 counts/100mL. Total nitrogen concentrations and total phosphorus concentrations are

anticipated to be approximately ~25.0 mg/L and ~5.0 mg/L respectively by means of the current treatment
design. .

Plant available nitrogen (PAN) can be calculated using the formula below. For purposes of this report, a -
mineralization rate (40%) and volatilization rate (50%) are utilized. This allows for carryover from previous
years and provides a conservative estimate of nitrogen loadings to the forest and/or forage/ornamental
vegetation system. ‘ : ' S

PAN
PAN= MR(TEN-NH3}H{1-VRy*(NH3)[+(NO3-+NO2)= 21.5 ppm
Where
PAN= Plant Available Nitrogen
MR Mineralization Rate (40%)
VR= Volatilization Rate (50%)
*TKN= Total Kjeldhal Nitrogen (~25.0 ppm)
*NH3= Ammonia Nitrogen (~ 15.0 ppm)
*¥NO3= Nitrate Nitrogen {~10.0 ppm}
*¥NO2= Nitrite Nitrogen {~ 0.0 ppm)
*Source: McKim & Creed (2011) - Proposed AdvanTex System

Table 4: Nutrient uptake and removal and yields for proposed cover crops at the

UNCBWWTF receiver site. e
Soil Crop RYE (tons)™! | Nitrogen Irrigation Area Phosphorus " | Irrigation
Application | (ft?) Removal Area
Rate (Ib/aciyr) 11 it
(bfac/yr) M
SAl Fescue 32 136 70,595 . ) I 37,650 .
Georgevilie Coastal 3.8 159 60,383 46 41,743
Bermuda
Forest - 150 + 64,006 40 + 48,004
SA2 Fescue 3.9 174 29,581 63 24,158
Hemdon Coastal 438 213 27,220 158 _ 119,993
Bermuda ' : .
Forest - 150 + 38,653 40 + 28,990

1.] Based off management recommendations from NCSU et al. (hitp://mutrients, soil nosu. edu/vields/)

EXAMPLE CALCULATIONS:

Nitrogen Balance to Determine Irrigation Acres if N is Limiting

Svil Area 1
Fescue

TN (.21 in/wk liquid Joading: 25.0 mg TN/L annual ave.)
25.0 mg/L TN * (1,057,113 gal/yr) * 8.34 (1b/10° gal/mg/L) / 136 1bs TN/ac/yr = 1.6 ac

Coastal Bermuda grass
IN(.21 infwk liquid loading: 25 0 mg TN/L annual ave.)




25.0 mg/L TN * (1,057,113 gal/yr) * 8.34 (Ib/10° gal/mg/L) / 159 Ibs TN/ac/yr = 1.3 ac

Forest :
IN (21 in/wk liquid loading: 25.0 mg TN/L annual avp.) _
25.0 mg/L TN * (1,057,113 galiyr) * 8.34 (1b/10° gal/mg/L) / 150 Ibs TN/ac/yr = 1.4 ac

Soil Area2
Fescue

IN (21 in/wk lquid loading: 25.0 mg TN/, annual ave.)
25.0 mg/L TN * (638,395 gal/yr)-* 8.34 (1b/10° gal/mg/L) / 196 Ibs TN/ac/yr = .68 ac

Coastal Bermuda grass
TN (.21 in/wk liquid loading; 25.0 mg TN/L, annual avg.)
25.0 rog/L TN * (638,395 galfyr) * 8,34 (1b/10° gal/mg/L) / 213 Ibs TN/ac/yr = .62 ac

Forest

TN (2] in/wk liquid loading: 25.0 mg TN/L annual avg.)
25.0 mg/L TN * (638,395 gal/yr} * 8.34 (Ib/10° gal/mg/L) / 150 bs TN/ac/yr = .89 ac

Phosphorus Balance to Determine Irrigation Acres if P is Limiting

Soil Area 1

Fescue

TP (.21 in/wk liguid loading: 5.0 mg TP/L, annual avg.)

5.0 mg/L TP * (1,057,113 galiyr) * 8.34 (Ib/10° gal/mg/L) / 51 lbs TP/ac/yr= 86 ac

Coastal Bermuda grass

TP (.21 in/wk liquid loading: 5.0 me TP/L annual ave) _
5.0 mg/L TP * (1,057,113 gal/yr) * 8.34 (ib/10° gal/mg/L) / 46 Ibs TP/ac/yr = 95 ac

Forest

TP (.21 in/wk liguid loading: 5.0 mg TP/L annual ave.)
5.0 mg/L TP * (1,057,113 gal/yr) * 8.34 (Ib/10° gal/mg/L) / 40 Ibs TP/ac/yr = 1. 1 ac

Soil Area2 -
Fescue '

TP (21 in/fwk hg‘ uid Ioadmg 5.0 mg TP/L armual ave) :
5.0 mg/L TP * (638 395 gal/yr) * §.34 (lb/ 10° gal/mg/L) / 48 Ibs TP/ac/yr = .55 ac

Coastal Bermuda grass

TP (21 in/wk liquid loading; 5.0 mg TP/L annual avg,)
5.0 mg/L. TP * (638,395 gal/yr) * 8.34 (Ib/10° gal/mg/L) / 58 Ibs TP/ac/yr = 45 ac

Forest

TP (.21 infwk liguid loading: 5.0 me TP/, annual avg.)
5.0 mg/L TP * (638,395 gal/yr) * 8.34 (Ib/10° gal/mg/L) / 40 Ibs ’I‘P/ac/yr = .66 ac

Water Balance

Soils Soil Area Mammum Irrigation Rate | Irrigation Area (fi2)
(inyr) 1 o

Georgeville/Herndon | SA1/SA2 10.92 249,163

1.] Based on Water Balance (Edwin Andrews & Assoc., PA, 2011)
* Note: This site is hydraulically limited



APPENDIX C
Soil Fertility Analysis
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Table 6A, Water Balance:

'UNC_Bingham |

Soil 1 - Secondary Effluent - 3556 GPD Total

.

Enter Site Latitude:

Thornthwaite Potential Evapotranspiration Method Tiianiia ly
& g degrees Latitude entered

PET

data

Average Daylight Heat Calculated

Monthly Hours Index PET Potential

divided ET

[£1] {degrees F} infmo]

088 1.

20 _

[output =>

PANEVE poraflon Data

(used for RainFall IN and Evaporation Out of Lagoon}

Location of PAN Data:

Enter PAN Muitiplication Factor:

€.70 recommended

Spray Irrigation Area = acres
Lagoon Area = acies
<4 == Check Boxto use [J=<== Check Box to use Manually
Thomthaite Method entered PET data.
PANTP Design Flow =

L

i

imiting Soit Ksat =
Drainage Coefficient =

Average

-# of RDays
i Monthly

0
Month
{days}

Japuary

31

February

December

L

TOTAL =

Results:

Rainfall
Excess

PAN
Evap. Data
X
Muit. Factor

Evaporation

January
February
March

November
December
TOTAL =

32.52

<<== Gheck Box to account for Rain
- Evap. infout of Lagoon

Avy. Loading
0210 infwk

337961

D443

9 )
0.0660

- 0000000 bl

Kv = Ksat * {Dralnage Coeff) Ratlo A
Monthly Actual Actual "RainFall - ET" Manthly WWTP Actual Monthiy
y Influent to wWWIP Accumuiated intofout of Accumulated Volume Max. Spray lrrigation Rate

RainFall Constant || Maximum {rrigation Maonthily Lagoon itself to he disposed of Allowable | Unfactored Factored Max. Monthly Total Total
Infiltrating | Potential Vertical Allowable Irrigation lerigation Monthly Monthly trrig. Monthly Storage Storage
Soif ET Drainage Irrigation Flow in in in in Application Spray Rate Accumul, Required Required
{infmo) {infmo} {in/mo) {infmo} {GPD) (GPD ave.} (Gallons) {Gallons) {infmo} _Factor {infmo) (Y or N} Gallons {inch} {gallons}

5.20 (T 2 475297 007 0.00000 o i
.38 R — 3 8 0.00000

11.28

22178 382058 I 928028 | 096
22170 284078 98,134.8 .
22170 247.808.4 940,858.7 10.82

Total Storage Required of

6.34

‘inches = 276.8 " days of Storage

Notes:

Formulas:

{Max. Atiowabie Irrigation)
{Monthly Excess) =

d to account for this factor.

Required being re

{E9) + {Drainage) - (Fain)
{Max. Allowable frrigation} - {Menthly influent Waste Volume)

where: {- Monthiy Excess} = water that must be stored in Sterage Pond

where: {+ Monthly Excess} =

extra water that can be spray {rrigated gut of Storaga Pand

Spray Frigation #onthly Appiicatian Factor = a forcing fastar by which the “normaliy” Actual Spray rgation Rate is multiplied by,
with the

T ' 682

10.22

1,067,113

«<== Check "Spray Factors Box" if any Factors OTHER than 1.00 uged.

[J «<== Check "Factors Reset Box” to reset all Factors hack to 1.00




Tabie 6B, Water Balance:  -UNC Bingham | input == |Outpu =>
Soil 2 - Secondary Effluent - 3556 GPD Total

.

[FAN Evaporation Uatd  (ussd for Rainrall IN and Evaporation Out of Lagoon)

Thornthwaite Potential Evapotranspiration Nethod  [Manuaty Lecation of PAN Data: pe
Enter Site Latitude: degrees Latitude entered Enter PAN Multiptication Factol 0.70 recommended
PET
data PAN
Average Daylight Heat Calcufated Evaporation | Evap. Data
Monthly Hours Index PET Potential X
Temp. divided ET Mult. Factor
by 12 { {degrees F) {in/mo;

0388 . 988

veioder October Avg. Loading
November ). November D.210 infwk
Deacember X 2 Spray Irrigation Area = acres December
Lagoon Area = ~ acres TOTAL = 46.45 32,52
<< == Check BoX to use II [J<<== Check Box to use Mantrally I <<== Check Box 10 acCount Jor Rain
Tharnthaite Method entered PET data. - Evap. infout of Lagoon
WWTR Design Flow =
Limiting Sofl Ksat =
Drainage Coeflicient =
Kv = Ksat * {Drainage Coeft.} = 0.06732 Ratio .
Monthly Actual Actual "RainFall - ET NMonthiy WWTP Actual Monthty
Influent to WWTP Accumulated intolout of Accumulated Volume Max. Spray Irrigation Rate
# of Days Average Rainfall RainFall Constant § Maximum Irrigation Monthiy Lagooen itself to he disposed of Alowable | Unfactored Factored Max. Monthly Total Total
in Monthiy Excess infiltrating | Potential Vertical Allowable Irrigation Irrigation Monthiy Manthiy irrig. Monthly Storage Storage
Month 0.00 Boil ET Drainage irrigation Flow in in in in Application Spray Spray Rate Accumul. Required Reqgulred
infma] {in/mo) (inima) {inimo) {in/mo) (GPD} {GPD ave.) {Gallons) {Gallons} {infmo} Factor {in/mo) {infma) {¥ orN) Gallons {inch} {gallons) _
February  § 28 L3873 I 8508 55,7154

December 304 18300 | 57T TUUUTiFTEER T 882822 | ARl weeceseenane 1 4 0000 - TIRRAR BT R
TOTAL = 24.57 1,339.0 149,860.0 638,395.0 I 10.92 10.82 638,395
Resulis: ) <<== Check "Spray Factors Box” if any Factors QTHER than 1.00 used.
Total Storage Required of . B34 inches = . 2768 . days of Storage L <<= Check “Factors Resat Box" to reset all Factors back 1o 1.00
Notes:
Spray mgation Menthly Applisation Factor % 3 fercing factor by which the “aarmally” Astual Spray irrigation Rate is multiptied by,
with the Starage Required heing re-calowfated to far this factor,
Farmulas:
{iax. Altowabie i = (BT} + {Drainage} - {Rain)
{ y E: = {Max. Allowable Irigation} - {Manthly Influest Waste Vol
whera: (- Momhly Extess) = water that must be stered in Storage Pond
where: (+ Menthly Excess) = extra water that can be spray irrigated out of Storge Pord
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Wet Weather Storage Basin  ( L4r6¥ )
Stage-Storage Data

Project Bingham Facility Wastewater System Improvemenis

Project Mo,  1488-0032

Date 20-Jul-11 HWL 504.0

Incremental | Incremental | incremental | Incremental | Cumulative | Cumulative | Cumulative
Coniour 1D Stage Area Area Area Area volume volume volume volume volume
[sa. ft.] [acres] fsg. fi.l jacres] feu. fi] [acre-fi] fcu. 1 jgallons] facre-fi]
4935 0 7,963.81 0.183 7,963.810 0.183 0.000 0.000 0.000 '0.000 0.000

494 0.5 §,473.36 0.195 509.550 0.012 4,109.293 0.084 4,109.203 | 30,737.508 0.094
495 1.5 9,835.27 0.219 1,061.910 0.024 9,004.315 0.207 13,113.608 | 98,089.784 0.301
488 2.5 10,654.03 0.245 1,118.760 0.026 10,004.650 (.232 23,208.258 | 173,597.766 0.533
497 3.5 11,829.94 0.272 1,175.910 0.027 11,241,985 (.258 34.450.243 | 257,687.814 0.781
498 4.5 13,063.02 0.300 1,233.080 0.028 12,446.480 0.286 46,806.723 | 350,787.484 1.077
499 5.5 14,353.00 0.329 1,289.980 0.030 13,708.010 0.315 60,604,733 | 453,323.399 1.391
500 6.5 15,699.75 0.360 1,346.750 0.031 15,026.375 0.345 75,631.108 | 565,720.684 1.736
501 7.5 17.103.48 (1.383 1,403.740 |  0.032 16,401.620 0.377 92,032.728 | 688,404.802 2.113
502 8.5 18,564.24 0.426 1,460.750 0.034 17,833.865 0.409 109,866.593| 821,802.112 2.522
503 9.5 20,082.05 0.461 1,517.810 0.035 19,323.145 0.444 129,189.738| 966,339.237 2.966
504 10.5 21,5656.86 0.497 1,574.810 0.036 20,565.455 0.479 150,059.193[1,122,442.760 3.445
505 i1.5 23,288.867 0.535 1,631.810 0.037 22 472,785 0.516 172,531.95811,290,538.042 3.961
506 12.5 24,977.53 0.573 1,688.860 0.038 24.133.100 0.554 196,665.058|1,471,054.630 4.515




Secé-;!dary Effluent Storage= Basin

Stage-Storage Data

{iProject Bingham Facility Wastewater System Improvements

Project No. 1488-0032

[Date 20-Jul-11 HWL 482.0

incremental | Incremental } incremental | Incremental | Cumulative ; Cumulative | Cumulative
Contour ID | Stage Area Area Area Area volume volume volume volume volume
isq. f.] facres] [sq. ft.] [acres] [cu. fi] [acre-ft] feu. ft] [gallons] {acre-ft]

475 0 636.46 0.015 636.460 0.015 0.000 0.000 0.000 0.000 0.000
476 1 1,029.71 0.024 393.250 0.009 833.085 0.019 833.085 | 6,231.476 0.019
477 2 1,486.63 0.034 456.920 0.010 1,258.170 0.028 2,091.255 | 15,642.587 0.048
478 3 1,999.74 0.048 513.110 0.012 1,743.185 0.040 3,834.440 | 28,681.611 0.088
479 4 2,571.51 0.059 571.770 0.013 2,285.625 0.052 6,120.065 | 45,778.086 0.140
480 5 3,196.99 0.073 625.480 0.014 2,884.250 0.066 9,004.315 | 67,352.276 0.207
481 3] 3,887.80 0.089 690.810 0.016 3,542.395 0.081 12,546.710 | 93,849.391 0.288
482 7 4,634.93 0.106 747.130 0.017 4,261.365 0.098 16,808.075 | 125,724.401 0.386
483 8 5,436.93 0.125 802.000 0.018 5,035.930 0.116 21,844.005 | 163,393.157|  0.501
484 9 6,294.21 0.144 857.280 0.020 5,865.570 0.135 27,709.575 1 207,267.621 0.636
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N

Bingham Facility Wastewater

System Improvements
Orange Courity, NC

s toni
i,

05/201
& MEKIM&CREED 1 inch = 250 feet

7

&y Existing Monitoring Welis
@  New Monitoring Welis

_;} Orange County Parcels
WellSetback

@ Potable Wells || 50" Setback
s Sanitary Sewer @ 00" Setback
Polable Water Piping Lm_:i 150" Setback
w24 Contour :'_;} 200" Setback
e 1 0-ft Contour i .. F400 Setback
e Effluent Forcemain : : J 500" Area of interest

CN-WWTP; CX-WWTP

~emeee Stream {Survey) Effluent Storage Basin

T Streels Irrigation Pump Station

& Wet Weather Storage Basin
4 Habifable Residences Not Within 500 feet

Habitable Residences Within 500 feet

Wetlands {survey) o Georgeville Soills

>——a— Fenceline

IrfigationLayout

smwemme Comphance Boundary

=mw=m. Review Boundary

Existing Buiiding Footprints Hermndon Soiis
Exisling Paved Area

{j Bingham Property Boundary

Revision 1 10/2011

BETBATRS {For 15A NGAC 0% {a) and (b} _- Rev September 1, 200
Troatment | Irsigation | Minimum Distance From Bistance From]
Description UnituStorage | System | Troatment Units/Storage | brrigation Systenf™
ANy i or plage of pubie
under sef hip or not to be maintai 100feet | 400 feet 320 ket 406 feet
a3 pant ofthe project site .
Any habitable restdence or place of publc assembly
uncer separat ip ta bt maintained as part - 200 feet - 201 feet
af the project site .
Any privale of p 1edfeot | 160 feet 325 feot 250 fery
Sirface Waters SOt | 1001est 50 feat 100+ fact
- 160 feet - WA
- 1G0 feet - NiA
~ 25 feet - 100+ feet
160teet | 160 fect 325 feet 250 feet
i 50 feet 150 feet 50+ feat 150+ feet
[ Top of slepe of embankments or culs of 2-f or mere
in vertical height - 15 feet - A L, o 3 : i . ) . y g : \ )
- 10 feel - 160 feet : ) ) ; 5 ¥ : B £ H . » ! TR
- 109 fesr - NA H L : i e, - . . ‘
- 0 feot - 150+ et
P 0 foet - WA
ment ] = Sleel - 120feer |
o btz Ladlodl s 3 kT s
L i) -

r o, w anf)l s
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