
i '.,\ Ltt \','.I!".. l 

Rd~C.11/Ei'.-' r C.i11tlR 1/ ~~\;Q 
Aquif1'::r P:·0r--~~h.Jn Srr:fion 

NOV 1A, 2011 
The University of North Carolina at Chapel Hill 
Department of Environment, Health & Safety 
l 120 Estes Drive Ext., CB# 1650 

111 \l ! I I ,-, ' \l l ! \ 
Chapel Hill, __ North Carolina27599.'.1650_ . 

November 11, 2011 

Mr. Nathaniel 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 27699-1636 

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 comments, please contact me at 919-843-591. 

Sincerely, 

'!✓s:t::: %~ 
Director, Environment, Health and Safety 
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Mr. Nathaniel D. Thornburg 
North Carolina Depar1ment of Environment and Natural Resources 
Division of Water Quality 
Aquifer 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 Irrigation 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 WQ0023896. 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. 

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 ofthe requested information in the updated application package. 

Response 
1! ·1, :, ',[ ..'. We have formatted our responses as requested. 



Application No. WQ0023896 November 11, 2011 

Application: 

1. Please amend Application Item Il.5. 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 submitted 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 II.5 
accordingly (Tab 2) and have attached a copy of the permit and 
final submittal under Tab 3 for your file. 

2. Amend Application Item IlI.5. to include the estimated influent 
concentrations for nitrate, nitrite, total nitrogen and total phosphorus. In 
addition, amend this item to include the designed effluent concentrations 
for all of the listed parameters, not the 15A 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. 

Response 

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 Item III.5 (Tab 2) 
represent the annual average proiected 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 III.5. 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). 

Dishwasher 1 375 200 
Laundry Washer 2 500 1000 200 50 
Ca eWasher 1 140 140 20 20 
Wet Lab 2 200 400 200 50 
Softener Brine 2 80 160 25 30 
Boiler Blow-down 2 25 50 50 40 

2650 187 73 
3556 250 200 

40 
40 
10 
40 
50 
50 
39 
40 

7 
7 
7 

7 
7 
7 
7 
7 

BOD- Biochemicai Oxygen Demand, TSS- Total Sllllpended Solids, TKN - Total Kjeldahl Nitrogen, TP- Total Phosphorus 

b) Effluent Concentrations: It would not be representative, 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 letter. The detailed 
process computations used to project design effluent concentrations are 
included under Tab 4. 
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Raw Influent 3,556 250 200 40 25 15 0 

Sewa e 
Post Primary 3,556 162.5 100 40 35 0 0 

Settlin 
Post Multi-Pass 3,556 10 10 25 15 0 10 

Textile Fabric 
AdvanTex 
Biological 
Treatment Process . 
Design Effluent to 3,556 10 10 25 15 0 10 

be Land A lied 

7 

5 

5 

5 

BOD- Biochemical Oxygen Demand, TSS--Tolal Suspcndcd Solids, TN•- Total Nitrogen, TP- Total Phosphorus 

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 NIA. 

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 Vl.5. 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. Please 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 two1oot 
freeboard elevation and the basin bottom or outlet pipe, whichever is 
higher. 

Response 
We have revised the two tables in Application Item VI.5. (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 VII.7. states that the recommended annual loading rate is 
10.28 inches per year (in/yr). However, Page 10 of the soil evaluation 
recommends an annual loading rate of8.2 in/yr. 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-recomrnended 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 VII.7. (Tab 2), and page 10 of the Soils Scientist Evaluation 
(Tab 5) to be consistent. 

6. Application Item VII.10.a. states that the proposed irrigation area is 
249,163 square feet (ft'). Using the proposed average daily flow of 3,556 
gallons per day (GPD), this equates to a design annual loading rate of8.36 
in/yr. Please amend this item to include the correct designed annual 
loading rate. 

Response 
The proposed irrigation area is correctly identified as being 249,163 
square 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 VII.IO.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 VII.IO.a. to state the wetted 
diameter of the nozzles is 80 feet, and that its wetted area is 5,027 ft'. 

Response 
We incorrectly listed the wetted radius of the nozzles as 40'. We 
have therefore corrected Application Item VII.10.a. (Tab 2) to show 
the wetted diameter of the nozzles to be 80' 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 Vll.11. because the proper designed effluent concentrations were not 
provided in Application Item TII.5. 

Response 
We understand that NCDENR was not able to verify the 
calculations in Application VII.11. 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 III.5. (Tab 2) for your 
review and evaluation. As you will 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 61.9 lbs TN/ac/yr (total nitrogen loading) associated 
with the wastewater application is less than the 80 to 120 lbs of 
nitrogen addition recommended by the NCDA for these soils 
types. 

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

Application Item VIL 7. stales 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 Evaluation under Tab 5. 

2. Section 4.1 on Page 4 states that spray irrigation shall not occur within 25 
feet ofnon-SA surface waters. Per 15A 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 I0. Please clarify whether or not excessive salts are 
anticipated to be in the effluent waste stream. 
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Response 
We have revised Section 5.2 on Page 8 of the Soil Scientist 
Evaluation to include a statement by the Soils Scientist that "The 
proposed effluent is anticipated to have SAR values safe for 
irrigation". 

4. Page IO of the soil evaluation recommends an annual loading rate of8.2 
in/yr, however, Application Item VIL 7. states that the recommended 
annual loading rate is I0. 28 in/yr. Please amend. 

Response 
We have revised both page 11 of the Soil Evaluation (Tab 5) as well 
as Application Item VII.7 (Tab 2) to reflect the revised annual 
loading rate of 10.92 in/year or 0.21 inches/week. 

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

Response 
A standard fertility 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 aU plots is included as Appendix C of the attached, 
revised, Agronomist Report (Tab 6). 

Agronomist Report: 

I. Please note that the agronomic calculations have not been verified by the 
Division because the designed ejjluent 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 III.5. were not provided. We 
have calculated the design effluent nutrient concentrations (Tab 4) 
and updated Application Item III.5. (Tab 2) accordingly. 
Agronomic calculations have been revised for annual wastewater 
loadings of 10.92 in/yr with a design effluent total nitrogen 
concentration of 25 mg/1 and a total phosphorus concentration of 5 
mg/I (Tab 6, pages 9-12). 

2. Pages 4 and 5 again make mention ofthe 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 ejjluent. 
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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 calculations have 
not been verified Please resubmit copies of the original water balance 
that include all ofthe 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 surface 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 el_evation) 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 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 - 0.2S}2 (1000)R = -'---------'--, where R = runoff, P =precipitation and S = -- - I 0 
P+0.8S CN 

b. Daily precipitation data from a 30 year time span that is from the 
same source used in the 81Jh percentile data in the water balance. 

8 



November 11, 2011 Application No. WQ0023896 

c. Submit a copy ofa referenced source (e.g., Soil Conservation Service) 
that includes the following information for North Carolina soils 
justifying the use ofthe selected Curve Number (CN): 

i. Cover 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, 
CorD) 

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

iv. Using the justified CN and S value for the appropriate cover 
type and hydrologic soil condition, determine the potential 
runofffor each storm event that occurred in the data set (i.e., 
30 year period), then sum the calculated runoff per month, 
and then average into annual monthly runoff values. Once 
30-year monthly average runoffvalues are determined, it may 
be weighted to 80" percentile to be consistent with the 
precipitation data in the water balance. Note daily 
precipitation data may be downloaded from the State Climate 
Office ofNorth Carolina (http:llwww.nc-climate.ncsu.edu!). 

Response 
We have reviewed our methodology and have agreed to eliminate 
consideration of rainfall runoff from our anaiysis 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 III.5., 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 III.5. as the designed effluent concentrations. Next, use those 
applicable nutrient concentrations to determine the nitrogen and 
phosphorous balance calculations in the agronomist evaluation and 
subsequently listed in Application Item VII.11. 

9 
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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 ill.5. The final 
design effluent concentrations have been computed (Tab 4) and 
input into Application Item III.5 (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 VII.11. 

2. Per Application Instruction Q and 15A 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 VI.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 VI.5. (Tab 2). The storage rating data 
are included under Tab 9. 

4. Application Item III.2. states the average daily flow is 3,556 GPD; 
however, the design calculations for the chlorine contact chamber and the 
spray field use aflow of3,500 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. 
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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 S and 15A NCAC 02T .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 junctions are to be conducted. 

b. Describe anticipated maintenance ofthe system. 

c. 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. 
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Response 
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. 

Mcl<im & 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 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 ofthe permitted 
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 
irrigation 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 ofthe 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. 

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 paragraph 
(see General, No.I) that tended to imply that UNC-CH may not be able to 
operate the spray system in compliance with the permit, if the application 
rate were to remain at the proposed rate of 8.2 inches per year (in/yr). 

12 



Application No. WQ0023896 November 11, 2011 

Specifically, are letter stated "The Division is concerned that this design will 
not allow for operational control of the system, 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, I felt it necessary to send this letter to clarify the intent of the 
language. It was not 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 loading rate of8.2 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. 

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
compliance" that was addressed in the NCDENR October 18, 20JI letter 
ofclarification (Tab I). 

We have revised our water balance methodology (as described 
previously under the section titled "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 in/yr. 

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 52.57 inches of 
rainfall (i.e. the annual rainfall received during the 8th wettest year 
in the last decade that will be contributed into 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 permit (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. Tiris 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 irrigation system pumps 
and let the effluent accumulate 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 
Georgevil/e and Herndon soils is far lower than typical recommendations 
for these soils. In addition, the submitted water balance uses a K&<r 
reduction factor of4%. Since the KsAr 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 Georgevil/e and Herndon, a higher reduction factor is 
acceptable. Accordingly, the Division recommends that the Applicant 
consider these facts ifreevaluating their water balance. 

14 
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Response 
We are in agreement with yow: 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 y011 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 & ci,EED, INC. 

(ct/~ 
Kevin C. Eberle, PE 
Senior Project Manager 

cc: Chuck Riley, Jr. PE, McKitn & Creed, Inc. 
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·JrAJg
North Carolina Department ofEnviromnent and Natural Resources 

Division ofWater Quality 
Beverly Eaves Perdue Coleen H. Sullins Dee Freeman 
Governor Director Secretary 

October l8, 2011 

Mr. Richard Mann • Vice Chancellor Finance & Administration 
University ofNorth Carolina at Chapel Hill 
CB#I000-302A South Building 
Chapel Hill, North Carolina 27599·l000 

Subject: Permit Application WQ0023396 
UNC-CH Bingham Facility 
W8$!ewater Irrigation System 
Orange County 

Dear Vice ChaMellor Mann, 

On October 14, 2011 the Division of Water Quality's (Division) Aq_uifer Protection Section issued a letter dated 
October 14, 2011, to the University of North Carolina at CMpel Hill (UNC-CH), regarding the additional 
information needed ifl order to complete the evaluation of the subject pewit application. The application was for 
the modification of Non-Discharge Permit No. WQ0023896, llSSOCiated with the continued O'{lffltion of a 
wastewater irrigation system at the Bingham Facility. 

Upon receipt of the Jetter, the Division received a telephone call from Ms. Mary-Beth Koza to discuss the 
infotmation requested. One of the issues discussed was language in the next to last paragraph (see Qeneral, No.1) 
that tended to imply the UNC-CH may .not be able to operate the spray system in compliance with the permit, if 
the application rate were to remain at the proposed rate of 8.2 inches per year (in/yr). Specifically, our letter 
stated, "The Division is concerned that this design will not allow for operational control of the system, which 
could present possible futur<' non-compliance." 

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

It should be noted that prior to seeking modification of the pennit, the eidsting field on rite was permiued to 
receive treated wastewater up to 24.09 in/yr. A majority of this previously permitted field is included in the 
proposed irrigation area and is w have a reduced loading rate of 8.:2 in/yr. The Division is not aware of any 
situation, such as ponding or run-off due to the over-31>plieation of wastewater effluent, where the eitisting fields 
had any difficulty assimilatlng the treated wamwater at the e:dstin.g annual loading rate of24.09 in/yr. The soils 
comprising the proposed n.ew fields are similar to the soils in the previously permitted field, and should be 
capable of assimilati.ng more than the requested application rate. . 
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October 18, 2011 
Page 2 of2 

Therefore, in order to provid,;, flexibility related to operation of the spray fields, the Division recommends the 
UNC.CH reevaluate the proposed irrigation rate of 8.2 in/yr, and determine whether or not a higher loading rate 
(not to exceed 24.09 in/yr) can be achieved, or include additional wetted acreage. 

lf you have any questions conceming this matter, please contact me via email at jay.zimm!i>rman@ncdenr.gov or 
at (919) 791-4200. 

Sincerely, ~ 

S~erman 
Environmoota! Program Supervisor 

oc: RRO-APS Files 
Aquifer Protection Section Central Files 
Ms. Mary-Beth Koza -UNC-CH 
Charles D. Riley, Jr., PE- McKim & Creed 
Scott J. Freder.ick, LSS - Soi~ Water & Environmental Group, P.LLC 
Edwin Andrews, PG, LSS - Edwin Andrews & Associates 

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

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

October 14, 2011 

RICHARD L. MANN- VICE CHANCELLORFfNANCE & ADMfNISTRATION 
THE UNIVERSITY OF NORTH CAROLfNA AT CHAPEL HILL 
CB#l 000-302A SOUTH BUILDfNG 
CHAPEL HILL, NORTH CAROLINA 27599-1000 

Subject: Application No. WQ0023896 
Additional Information Request 
UNC-CH Bingham Facility 
Wastewater Irrigation 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 outstanding 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 to 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. 

~ff~ 
Nathaniel D. Thornburg~ - • cr--­
Enviromnental 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 & Enviromnental Group, PLLC 
Edwin Andrews, PG, LSS - Edwin Andrews & Associates 
Permit Application File WQ0023896 

AQUIFER PROTECTION SECTION 
1636 Mail Service Center, Raleigh, North Carolina 27699-1636 
Location: 2728 Capital Boulevard. Raleigh, North Carolina 27604 
Phone: 919-733-3221 \ FAX 1: 919-715-0588: FAX 2: 919-715-6048 \ Customer Service: 1-877-623-6748 Ni1~hCarolina
Internet: www.ncwaterguality.org Naturally
An Eq~a1 Opporlufli\y \ Affirmative Actiori Employer 
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Soil Evaluation: 

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

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. 

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 salts are anticipated to be in the effluent waste stream. 

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. 

5. 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: 

I. Please note that the agronomic calculations have not been verified by the Division because the 
designed effluent concentrations in Application Item Ill.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 ofthe 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- 0.2S)' . . . (1000) 0R =~--~-, where R = runoff, P = prec1p1tallon and S = -- - 1 
P+0.8S CN 

b. Daily precipitation data from a 30 year time span that is from the same source used in the 80th 

percentile data in the water balance. 



Vice Chancellor Richard L. Mann 
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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 S and 15A NCAC 02T .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. 

c. 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 .0504G), 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 irrigation 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 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 recommendations for these soils. In addition, the submitted water balance 
uses a KsAT reduction factor of 4%. Since the KsAT 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 02T .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 iriformation, links to forms requested in this application, or for an electronic version ofthis form, visit the Land Application 
Unit (LAU) web site at: http://portal.ncdenr.org/weblwqlaps/lau 

A. Application Form (All Application Packages): 
✓ Submit one (I) original and three (3) copies of the completed and appropriately executed application form. The instructions 

(Pages I 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. 

✓ 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). 

✓ If the Applicant is a partnership, sole proprietorship, trade name, or d/b/a, enclose a copy of the certificate filed with the 
Register of Deeds in the county of business. 

✓ The application must be signed appropriately in accordance with ISA 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. 
✓ 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: htrp://portal.ncdenr.org/web/wq/aps/lau/appiications#lrrigation. 

v. 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 

I I" 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: http://portal.ncdenr.org/web/wq/aps/lau/applications#Agreements. 

C. Application Fee (All New or Major Modification Application Packages): 
✓ The appropriate application fee can be determined from the Division's fee schedule found at: 

http:/ /portal.ncdenr.org/web/wq/aps/lau/fees. 
✓ Suhmit a check or money order in the appropriate amount made payable to: North Carolina Department of Environment and 

Natural Resources (NCDENR). 

D. Cover Letter (All Application Packages): 
✓ Submit one (I) original and three (3) copies ofa cover letter, which lists all items and attachments included in the application 

package as well as a brief description of the requested permitting action. 
✓ 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. 

E. Property Ownership Documentation (All New or Modification Application Packages involving new and/or relocated treatment 
or irrigation components): 
✓ Provide either: 

✓ Legal documentation ofthe ownership (such as a contract, deed, article of incorporation, etc.) ofthe 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 
✓ 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. 

F. Environmental Assessments (May be required if public lands and/or monies are used - See I 5A NCAC IC .0 I 00 to .0400): 
✓ Submit one (I) copy of the Findings of No Significant Impact (FONS!) 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. 
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G. Certificates of Public Convenience and Necessity (All New Application Packages if the applicaot is a Privately-Owned Public 
Utility per determination by the NC Utilities Commission: http://www.ncuc.commerce.state.nc.usD: 
✓ 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. 
✓ 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 ao 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): 
✓ Submit one (I) 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: 
http://portal.ncdenr.org/web/wq/aps/lau/applications#Agreements. 

✓ 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. 

✓ If applicant is a DEVELOPER that intends to turn ownership and responsibility of the wastewater 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 I 00% Domestic Waste): 
✓ 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 (BOD,). Chemical Oxygen Demand (COD). Nitrate 
Nitrogen (NO,-N), Ammonia Nitrogen (NH,-N). Total Kjeldahl Nitrogen (TKN). pH, Chloride, Total Phosphorus, Phenol, 
Total Volatile Organic Compounds, Fecal Coliform, Calcium, Sodium, Magnesium, Sodium Adsorption Ratio (SAR), Total 
Trihalomethanes, Toxicity Test Parameters and Total Dissolved Solids in compliance with 15A NCAC 02T.0504(h). 

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

J. Soil Evaluation (All New Application Packages or Modifications that include new irrigation sites): 
✓ Submit four (4) copies ofa detailed soil evaluation in accordance with 15A NCAC 02T .0504(b) and current Division Policy 

available at: http://portal.ncdenr.org/web/wq/aps/lau/policies. 

K. Water Balllnce (All New Application Packages or Modifications that include new irrigation sites): 
✓ 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: http://portal.ncdenr.org/web/wq/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 
GPO or Modifications involving increasing the total design flow to over 25,000 GPO): 
✓ Submit four (4) copies of a detailed hydrogeologic evaluation in accordaoce with 15A NCAC 02T .0504(e) and current 

Division Policy available at: http://portal.ncdenr.org/web/wq/aps/lau/policies. 

N. Detailed Plans (All New or Modification Application Packages): 
✓ Submit four (4) sets ofstaodard size plans aod 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) aod (d). For Modifications, submit plans specific to the modification(s) only. 

✓ Plans must include the following minimum items: 
✓ A general location map, a vicinity map aod a topographic map. 
✓ Piao and profile views of all treatruent/storage/disposal units. piping, valves, and equipment (i.e., pumps, blowers. 

mixers, diffusers, flow meters, etc.) including dimensions and elevations ofall treatment/storage/disposal units. 
✓ 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. 
✓ 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. 
✓ A map showing the entire irrigation area with an overlay of the suitable irrigation area depicted by the soil scientist's 

evaluation. The irrigation plans shall show each nozzle/emitter and wetted area (when applicable). Clearly label 
spray/drip irrigation zones as they will be operated. 

✓ Plans must depict 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 final plans. However, the plans may be 
labeled with the phrase: FINAL DESIGN - NOT RELEASED FOR CONSTRUCTION. 
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0. 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 15A NCAC 02T .0504(d). For Modifications, submit an updated site map 
specific to the modification( s) only. 

✓ The site map shall include the following minimum items: 
✓ A scaled map of the site, with topographic contour intervals not exceeding IO 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. 
✓ 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 500 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 ofall waste treatment, storage, and disposal site(s). 
✓ All habitable residences or places ofpublic assembly within 500 feet ofall waste treatment, storage, and disposal site(s). 

P. Specifications (All New or Modification Application Packages): 
✓ 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. 
✓ Specifications must include the following minimum items: 

✓ 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 applicable), 
audible/visual high water alarms, etc. 

✓ Site Work (i.e., earthwork, clearing and grubbing, excavation and backfill, fencing, seeding, etc.) 
✓ Materials (i.e., concrete, masonry, steel, method ofconstruction, etc.) 
✓ Mechanical and Electrical (i.e., control panels, transfer switches, generator, etc.) 
✓ Means for ensuring quality and integrity of the fmished 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 fmal specifications. 
However, the specifications may be labeled with the phrase: FINAL DESIGN - NOT RELEASED FOR 
CONSTRUCTION. 

-;. Engineering Calculations (All New or Modification Application Packages): 
✓ 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 
modification(s) only. 

✓ Calculations must include the following minimum items: 
✓ Hydraulic and pollutant loading calculations for each treatment unit (Note: "black box" calculations are unacceptable). 
✓ 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 constructed 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 vatiability of nozzle sizing as necessary, and include the ability to irrigate all areas in an appropriate amount of 
time. 

R. Reliability (All New or Major Modification Application Packages): 
✓ Submit documentation of system reliability in accordance with 15A NCAC 02T .0505(1). 
✓ 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. 
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S. Operation and Maintenance Plan (All New or Major Modification Application Packages): 
✓ Submit four (4) copies of an operation and maintenance plan in accordance with ISA NCAC 02T .0507 that shall be 

maintained for all systems and include at a minimum: 
✓ 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 ofanticipated 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. 

T. Residuals Management Plan (All New or Modification Application Packages that include new treatment systems or an 
expansion of the treatment system): 
✓ 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 !SA NCAC 02T .05040) 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 

✓ Ifoil or grease removal and collection is a designed unit process, please submit an oil/grease disposal plan. 
✓ Ifan 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 traps will be the responsibility ofthe permittee. 

U. General (All New or Modification Application Packages): 
✓ Please ensure that any systems within the Coastal Area as defined in ISA 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 ofthis application package to coordinate with other approvals. 
✓ Provide documentation offloodway compliance in accordance 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/wq/swp/ps/cs). 

THE 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 Courier/Special Delivery: By U.S. Postal Service: 
1636 MAIL SERVICE CENTER 2728 CAPITAL BOULEY ARD 

RALEIGH, NORTH CAROLINA 27699-1636 RALEIGH, NORTH CAROLINA 27604 

FAX NUMBER: (919) 715-6048 TELEPHONE NUMBER: (919) 733-3221 
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State of North Carolina 
Department of Environment and Natnral Resources 

Division of Water Qnality 

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) 

I. GENERAL INFORMATION: 

I. Applicant's name (See Instruction A): The University ofNorth Carolina at Chapel Hill 

Applicant type: 0 Individual O Corporation O General Partnership 0 Privately Owned Public Utility 

D Federal [2:J State O Municipal □ County 

Signature authority's name: Richard L. Mann (per 15A NCAC 02T .0l06)Title: Vice Chancellor Finance & Administration 

Applicant's mailing address: The University ofNorth Carolina at Chapel Hill, CB#lO00, 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: Orange 

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 Finn: McKim & Creed 

Engineer's mailing address: McKim & Creed, Venture IV Building, Suite 500, 1730 Varsity Drive 

City: Raleigh State: ~ Zip: 27606-__ 

Telephone number: (919) 233-8091 Fax number: (212.) 233-8031 Email Address: criley@mckimcreed.com 

4. Consulting Soil Scientist's name: Scott J. Frederick License Number: 1236 Finn: Soil, Water, & Environment Group, 

PLLC 

Soil Scientist'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: sjfrederick@swegrp.com 

5. Consulting Geologist's name: Edwin Andrews License Number: G-224 Finn: Edwin Andrews & Associates 

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: 27606-360 l 

Telephone number: (919) 831-1234 Fax number: (919) 899-9100 Email Address: sjfrederick@swegrp.com 
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II. PERMIT INFORMATION: 

I. Project is: 0 New ~ Major Modification 0 Minor Modification 

2. Fee submitted: $245.00 (See Instruction Existing Permit No.: WQ0023896, issue date: February 12, 2007 

3. Facility status: ~ Existing O Proposed 

~ Was this system approved for reclaimed disposal under 15A NCAC 2H .02l9(k)? 0 Yes or~ No 

4. Does this project utilize: ~ public funds and/or O private funds; ~ public lands and/or O private lands 

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

Permit/Certification Submitted Approved Permit/Certification 
No. 

Agency Reviewer 

Erosion & Sedimentation 
Control Plan 

6-2-11 6-17-11 ORANG-2011-0IO DLQ 

Nationwide 12 or 404 NIA NIA NIA NIA 

Wetlands 40 I NIA NIA NIA NIA 
Stormwater Management 
Plan 3125111 9/19111 SWSl 10901 DWQ 

Dam Safety NIA NIA NIA NIA 

Sewer System NIA NIA NIA NIA 

Other: 

6. Does the project comply with all setbacks found in the river basin rules (ISA NCAC 2B .0200)? ~ Yes or O No 

Ifno, list non-compliant setbacks: __ 

7. Is the project in a Coastal Area as defined per 15A NCAC 2H .0403? 0 Yes or~ No 

Ifyes, verify that the facility will comply with the following requirements in 15A NCAC 2H .404(g) as applicable: 

✓ Is aerated flow equalization ofat Jeast25% average daily flow provided? 0 Yes or O No 

✓ How will noise and odor be controlled? 

✓ Are all essential treatment uuits provided in duplicate? 0 Yes or O No 

✓ Is there an impounded public surface water supply within 500 feet of the wetted area? 0 Yes or O No 

✓ Is there a public shallow ground water supply (Jess than 50 feet deep) within 500 feet ofthe facility? 0 Yes or O No 

✓ Is the disposal loading rate greater than IO gallons per day per square foot (GPD/ft2)? 0 Yes or O No 

✓ How much green area is provided? __ square feet (ft') 

✓ Is the green area shown on the plans? 0 Yes or O No 
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III. INFORMATION ON WASTEWATER GENERATION: 

I. 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 animal research facility that has historically housed canines for 

medical research as well as other animals that were occasionally held at the Bingham Facility for a limited time. As a result, 

the wastewater treated onsite was a combination ofdomestic wastewater from employees and animal 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 liquid and solid waste will be captured 

via disposable dry bedding such that none ofthe animal waste will be discharged to the on-site sewer system. With the re­

purposing of the facility as a dry bedding animal holding facility. the primary sources of wastewater generated at the facility 

will be from personnel working at the facility: therefore, the wastewater will be typical domestic strength 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 systems. and small 

amounts of boiler blow-down water. 

2. Volume of wastewater flow for this project: 3,556 gallons per day (GPD) 

3. Explanation ofhow wastewater flow was determined (15A NCAC 02T .0114(c)): This is the permitted flow for the existing 

domestic wastewater treatment and disposal system. 

Peo le 15 35 525 250 180 40 7 

Dishwasher 1 375 375 200 50 40 7 

Laundry Washer 2 500 1000 200 50 40 7 

Ca eWasher 1 140 140 20 20 10 7 

WetLab 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 Com osite 2,650 187 73 39 7 

Desi 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: [8] 100% Domestic Waste (residential, commercial, etc) 

0 100% Industrial 

0 Combination oflndustrial and Domestic Waste: __% Domestic __% Industrial 

0 Municipal waste (town, city, etc.) 
4 Is there a Pretreatment Program in effect? 0 Yes or O No 
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5. Wastewater characteristics See 15A NCAC 02T .0505 b : 

Parameter 

Biochemical Oxygen Demand (BOD5) 

Total Suspended Solids (TSS) 

Ammonia Nitrogen (NH,-N) 

Nitrate Nitrogen (NO3-N) 

Nitrite Nitrogen (NO,-N) 

Total Nitrogen 

Total Phosphorus 

Total Kjeldhal Nitrogen 
Or N+NH3 

Fecal Coliforms 

Estimated Influent Concentration 

250 mg/I 

200 mg/I 

25 mgll 

0mgll 

0mgll 

40 mgll 

7mgll 

Designed Effluent Concentration 
month! aver e 

10 mg/I 

l0mgll 

15 mg/I 

10 mg/I 

0mg/1 

25 mg/I 

5 mg/I 

15 mgll 

200 per I 00 ml 

GENERAL PROJECT INFORMATION: 

l. Brief project description: The UNC Bingham Facility is an animal research facility that has historically 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 will initially house caged 

rodents. However, larger animals may also be housed at the facility under the condition that all liquid and solid waste will 

be captured via disposable dry bedding such that none of the animal waste will be discharged to the on-site sewer system. 

With the re-purposing ofthe facility as a dry bedding animal holding facility, the primary sources of wastewater generated 

at the re-purposed facility will be from personnel working at the facility. Other sources include wash water from a new 

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

amounts of boiler blow-down water. 

2. This modification includes the following wastewater system improvements: 

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

to the existing 8,000 gallon domestic wastewater septic tank. The effluent from the septic tank will be pumped via 

the existing pump station to the existing 3,556 GPO AdvanTex domestic wastewater treatment facility. 

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

accordance with 15A NCAC 02T .0500 rules and regulations for wastewater irrigation systems. The existing 

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

system to meet disinfection requirements. 

c. A new secondary effluent pump station will be constructed to pump effluent from the treatment fucility 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 au emergency 125,000 gallon effluent storage basin which cau 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 structurally 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 liner 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 irrigation 

zones with a total ofapproximately 5.72 acres of irrigation area. The spray irrigation system will be designed for 

dispersal of 3,556 GPO of secondary effluent. 

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

treatment/stora e units to each arameter distances eater than 500 feet ma be marked NIA): 

Setback Parameter 

Any habitable residence or place ofassembly under separate ownership or not 
to be maintained as art of the ro · ect site 
Any habitable residence or place ofassembly owned by the perrnittee to be 
maintained as art of the ro · ect site 

Any private or public water supply source 

Surface waters (streams - intermittent and perennial, perennial waterbodies, 
and wetlands) 
Groundwater lowering ditches { where the bottom of the ditch intersects the 
SHWT) 

Subsurface groundwater lowering drainage systems 

Surface water diversions (ephemeral streams, waterways, ditches) 

Any well with exception of monitoring wells 

Any property line 

Top of slope ofembankments or cuts oftwo feet or more in vertical height 

Any water line from a disposal system 

Any swimming pool 

Public right of way 

Nitrification field 

Any building foundation or basement 

Impounded public water supplies 

Public shallow groundwater supply {less than 50 feet deep) 

Irrigation System 

406' 

201' 

250' 

NIA 

NIA 

100' 

250' 

150' 

NIA 

160' 

NIA 

150' 

NIA 

120' 

NIA 

NIA 

Treatment/Storage 
Units 

320' 
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✓ Does the Applicant intend on complying with 15A NCAC 02T .0506(c)? D Yes or~ No 

Ifyes, complete the following table: 

Parameter 

Biochemical Oxygen Demand 
(BOD, 

Estimated Influent 
Concentration 

mg/I 

Designed Effluent 
Concentration 

month! 

mg/I 

Designed Effluent 
Concentration 
dail maximum 

mg/I 

Total Suspended Solids (TSS) mg/I mg/I mg/I 

Ammonia Nitrogen (NH3-N) mg/I mg/I mg/I 

Nitrate Nitrogen (NO3-N) 

Fecal Coliforms 

Tnrbidity 

✓ Ifany setback is not met, how will the project provide equal or better protection ofthe Waters ofthe State with no 

increased potential for health concerns or nuisance conditions? __ 

4. The treatment and disposal facilities must be secnred to prevent unauthorized en(ry. Details and notations of restricted 

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

accordance with 15A NCAC 02T .0505(q): The system is secnred by perimeter fencing with locked access gate. 

5. What is the 100-year flood elevation? NIA. Sonrce 

✓ Are any treatment units or wetted areas located within the 100-year flood plain? D Yes or ~ No 

Ifyes, briefly describe which treatment units and/or irrigation areas are affected: __, and the measures being taken to 

protect them against flooding: __ 

Ifyes, does the Applicant have documentation of compliance with §143 Article 21 Part 6? D Yes or D No 

6. Method to provide system reliability per 15A NCAC 02T .0505(1) (See Instruction R): The existing treatment system's 

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

treatment and disposal system. 

7. What is the specified method ofdisinfection? Chlorination using liquid sodium hypochlorite 

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

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

✓ Ifultraviolet (UV), specify the number of banks: __, total lamps: __ and maximum capacity: __ gpm. 

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

proposed AdvanTex system. The septic tank will require pumping 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 

I. Type of treatment system (fixed film, suspended growth, etc): Refurbish existing AdvanTex filter system. 

2. Provide the number aod dimensions ofeach treatment unit, aod provide their location in the specifications aod plaos. If ao 

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): 

Treatment Unit Number 
of Units 

Manufacturer 
or Material 

Dimensions (ft) 
/ Spacings (in) 

Volume 
/i,allons) 

Plan Sheet 
Number 

Specification 
Page Number 

Select 

Select 

Select 

Select 

b. PRIMARY TREATMENT (i.e., physical operations such as fine screening aod sedimentation to remove floating aod 
settable solids): 

Treatment Unit 
Number 
of Units 

Manufacturer 
or Material 

Dimensions (ft) 
/ Spacings 

(mm) 

Volume 
(gallons) 

Plan Sheet 
Number 

Specification 
Page Number 

Existing Primary 
Settling Chamber 

(Septic Tank) 
one 

Existing-
Unknown 

10' x 20' 8,000 C04,C09 11100 

Septic Taok 
Effluent Lift Station 

one 
Existing 

Unknown 
6' ID x I0'deep 2,100 CO4,CO9 I ll00 

c. SECONDARY I TERTIARY TREATMENT (i.e., biological aod chemical processes to remove organics and nutrients) 

Treatment Unit Number 
of Units 

Manufacturer 
or Material 

Dimensions (ft) 
Volume 
(gallons) 

Plan Sheet 
Number 

Specification 
Page 

Number 
Textile Fabric 

Packed Bed Filter two 
Orenco 

AdvanTex 
7' X }5'x 4' 

deep 3,150 ea CO4,CO9 II 100 

Packed Bed 
Recirculation Blend 

Pump Station 
one 

Orenco 
AdvanTex 

7' X 12' X 6' 
deep 

4,000 CO4,CO9 11100 

Select 

Select 

Select 

Select 

Select 

Select 

FORM: WWIS 12-06 Page II 



d. DISINFECTION 

Treatment Unit Number of 
Units 

Manufacturer 
or Material 

Dimensions (ft) 
Volnme 
("allons) 

Plan Sheet 
Number 

Specification 
Pa2eNumber 

Chlorine Contact 
Tank I 

Pre-Cast 
Concrete Tank 
w/ Baille Walls 

6'x4'x4' 525 gallons MO! 03420 

Double Wall 
Containment 

Chemical Storage 
Tank 

I 
High Density 
Cross linked 

Polyethylene 

3' (j) X 2.5' 
Overall Height 

55 gallons MO! 11232 

Select 

e. RESIDUAL TREATMENT 

Treatment Unit 
Number 
of Units 

Manufacturer 
or Material 

Dimensions (ft) 
Volume 
, .. anons) 

Plan Sheet 
Number 

Specification 
Pa2eNumber 

Select 

. 

Select 

Select 

f. PUMPS 

Location Number 
of Pumus 

Purpose 
Manufacturer 

/TvPe 
Capacitv Plan Sheet 

Number 
Spec. Page 
NumberGPM TOH 

Chemical 
Feed Area 2 

Sodium 
Hypochlorite 

Chemical 
Metering 
Pumus 

Positive 
Displacement 

Peristaltic 
7.1 GPH 100 psi MO! 11232 

Effiuent 
Pump 

Station 

Spray 
Irrigation 

Pump 
Station 

2 

Effiuent 
Transfer from 

Treatment 
Area to Wet 

Weather 
Storage Basin 

Non-Clog 
Submersible 
Wastewater 

Pumps 

80GPM 
52 ft. 
TDH 

M02 11310 

2 
Spray 

Irrigation 
System Pumps 

Submersible 
Well Pumps 

Zone 1: 155 GPM 
Zone 2: 158 GPM 
Zone 3: 155 GPM 
Zone4: 108GPM 

104 ft. 
104 ft. 
104 ft. 
104 ft. 

M03 11315 

g. BLOWERS 

No.of Manufacturer/ Capacity Plan Sheet SpecificationLocation Units Served 
Blowers Tvne (CFM) Number Pa2eNumber . 
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h. MIXERS 

Location 
No.of 
Mixers -

Units Served 
Manufacturer/ 

Type 
Power 
(hn) 

Plan Sheet 
Number 

Specification 
Pa!!e Number 

i. RECORDING DEVICES & RELIABILITY 

Device Number 
of Units -

Maximum 
Canacitv 

Manufacturer Location Plan Sheet 
Number 

Specification 
Pa2e Nnmber 

Existing Effluent 
Flow Meter 

(Parshall Flume) 
one 6,000 gpd 

Existing 
Unknown 

Follows 
chlorine 

contact tank 
C09 11100 

Select 

Select 

Select 

Select 

FORM: WWIS 12-06 Page 13 



VI. DESIGN INFORMATION FOR STORAGE IMPOUNDMENTS 

I. Provide the number of earthen impoundments in the system: 2 

2. Are any impoundments designed to receive adjacent surface runoff? D Yes or [g) No 

IfYes, please specify which impoundment: __ and the drainage area: __ ft2• 

3. Are impoundment(s) designed to include a discharge point (pipe, emergency spillway, etc)? 0 Yes or [g) No 

4. Provide the design measures proposed for impoundment liner protection from wind driven wave action: Basins 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 layer consists of a ratio of4% cement to soil and is 

placed over the compacted clay liner. 

5. Provide the location ofeach design element in the specifications and engineering plans for each storage unit: 

Storage Impoundment: 
Effluent Storage Lagoon 

Plan Sheet 
Number 

Specification 
Pai,e Number 

Liner material (15A NCAC 02T .0505(e) and (f))? 
0 Synthetic [g) Clav 

Cl! 022100 Concrete O Steel -75 ft X I 29 ft 

Liner installation and testing requirements ClO, Cl 1- 02210 

Inside berm surface dimensions (L x W x H) CJ0 -

Bottom dimensions (L x W) 48 ft 14 ft Cl0 -

Embankment side slope 3: 1 Cll -
Mean seasonal high water table depth * > 6 ft. BLS - . 

Finished grade elevation 485 ft ClO -

Depth from bottom to top ofembankment 9 ft Cl0 & Cl 1 -

Total volume - ft' 207,267 gallons ClO ADV-I 

Design freeboard 2 ft ClO & Cl I -
Depth of minimum liquid level ( above permanent 
liquid level) 0 ft Cll -
Effective volume provided ** - ft' 125, 724 gallons ClO -

Effective storage time provided 35 days C!0 

* NOTE: The !mer shall be protected from impacts of the seasonal high water table as necessary. 
** NOTE: The storage volume should be calculated between the top ofany permanent liquid 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 Stora e Basin Number Pa e Number 

Liner material (!SA NCAC 02T .0505(e) and (f))? Cl2 02210 

02210Liner installation and testing requirements Cl2 

Cl2Inside berm surface dimeosions (L x W x H) 

Bottom dimensions (L x W) Cl2 

C12Embankment side slope 3: I 

Mean seasonal high water table depth * >6ft. BLS 

Finished grade elevation 495 ft C!2 

12.5 ft C12Depth from bottom to top ofembankment 

Cl2 ADV-ITotal volume - ft' 1,471,050 gallons 

Design freeboard 2 ft Cl2 

Depth of minimum liquid level (above permanent 
0 ft C12Ii uid level 

Effective volume provided ** - ft' 1,122,440 gallons C12 

C12Effective storage time provided 315 days 

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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VII. DESIGN INFORMATION FOR IRRIGATION SYSTEM 

I. The irrigation system is: ~ Spray D Drip 

2. Disposal system is: D existing ~ proposed. 

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

Irrigation Pump Tank 

Internal dimensions (L x W x H or <p x H) 

Total volume 

Dosing volume 

Audible & visual alarms 

200 ft3 

ft' 

4 ft (fl 16.5 ft 

1,495 gallons 

gallons 

Plan Sheet 
Number 

M03 

Cl2&M03 

E04&E07 

Specification 
Pa eNumber 

11950 

Equipment to prevent irrigation during rain events E04&E07 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 - Drawing Cl 2, Specification Section 11335 

• Irrigation Controller Drawing E04 & E07, Specification Section 11950 

• Zone Control Valves Drawing Cl3, Specification Section 11950 

• Impact Spray Heads Drawing Cl3, Specification Section 11950 

5. Minimum depth to mean seasonal higb 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? D Yes or ~ No 

IfYes, 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: 

Soil Series 
Fields within 

Soil Area 

Recommended Loading 
Rate 

(in/hr) 

Recommended Loading 
Rate 

(in/yr) 

Loading 
Recommended 

If Seasonal, 
list 

appropriate 
months 

SAi-
Georgeville 

I, 2, 3, 4 
0.1 in per dose; 0.21 

inch/ week avg.; 
10.92 ~Annual 

D Seasonal 

SA2-Hemdon 1, 2, 3, 4 
0.1 in. I dose; 0.21 in. / 

week avg. 
10.92 

~Annual 
D Seasonal 

□ Annual 
D Seasonal 

□ Annual 
D Seasonal 

□ Annual 
D Seasonal 

8. Design loading rates are equal or less than the loading rates recommended by Soil Scientist? ~ Yes or D No 

IfNo, explain why 15A NCAC 02T .0505(n) is not met: __ 
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9. Provide the following location information for the approximate center ofeach irrigation field/ zone: 

Field /Zone Latitude Longitude 

1 35 ° 54' 16.29 "N 79 ° 14' 30.52 "W 

2 35 ° 54' 15.46 "N 79 ° 14' 26.15 "W 

3 35 ° 54' 13.83 "N 79° 14' 26.79 "W 

4 35 ° 54' 12.03 "N 79 ° 14' 28.71 "W 

0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-

0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-
0 ' " 0 ' "-

✓ Level ofaccuracy? Seconds 

✓ Method of measurement? MAP 

✓ Datum? NAD 83 
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I 0. Irrigation Design (fill in the appropriate information for either a spray or drip irrigation system): 

a. Spray Irrigation: 

Maximum Irrigation Number of Design Annual Loading Field/ Zone Design Area (ff) 
Nozzles Preci itation Rate in/hr Rate in/ r 

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 0.22 in/hr at 0.1 inch dose 43 10.92 

4 47,480 0.22 in/hr at 0.1 inch dose 10.9230 

Total 249,163 160 

Spray Irrigation Design Element 
Plan Sheet 

Number 
Specification 
Pai,e Number 

Wetted diameter of nozzles 80 ft CI3 11950 

Wetted area of nozzles 5,027 ft2 C13 -

Nozzle capacity 3.6gpm - 11950 

Nozzle manufacturer I model Rain Bird/ 25BPJ-ADJ - -
Elevation ofhighest nozzle 518.75 ft C13 -

b. Drip Irrigation: 

Number of Maximum Irrigation Design Annual Loading 
Field/ Zone Design Area (ft2) 

Emitters Preci itation Rate in/hr Rate in/ r 

Total 

Drip Irrigation Design Element Plan Sheet 
Number 

Specification 
Pae:e Number 

Wetted area ofemitters ft2 

Distance between laterals ft 

Distance between emitters ft 

Emitter capacity gpm 

Emitter manufacturer I model I 

Elevation ofhighest emitter ft 
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11. Cover crop information: 

Use the Nutrient Management in North Carolina's Realistic Yield Expectations webpage 

(http://www.soil.ncsu.edu/nmp/ncnmwglyields/index.php#coun)Y) to determine the PAN (lbs/acre) and Phosphorus removal 

(lbs/acre) rates for each cover crop. 

See Agronomist Report for more detailed discussion. 

Cover Crop Soil Series % Slope 
Nitrogen Removal Rate 

(lbs/acre) 
Phosphorus Removal 

Rate Obs/acre) 

Fescue SA I - Georgeville 2-6% 136 51 

Coastal Bermuda SA I - Georgevil!e 2-6% 159 46 

Forest SA I - Georgeville 2-6% 150+ 40+ 

Fescue SA2 - Herndon 2-6% 174 63 

Coastal Bermuda SA2 - Herndon 2-6% 213 58 

Forest SA2 - Herndon 2-6% 150+· 40+ 

✓ Proposed mineralization rate: 40% and volatilization rate: 50% 

✓ Irrigation area based upon the nitrogen balance: 

• 

• 

SA! Fescue 

SA I Coastal Bermuda -

70 595 ft2 
60,383 ft2 

• SAi Forest 64 006 ft2 

• SA2 Fescue - 29 581 ft2 

• SA2 Coastal Bermuda - 27,220 ft2 

• SA2 Forest 38 653 ft2 
✓ Irrigation area based upon the phosphorus balance: 

• SAi Fescue 37 650 ft2 

• SA I Coastal Bermuda - 41,743 ft2 

• SA! Forest - 48 004 ft2 

• SA2 Fescue - 24 158 a2 

• SA2 Coastal Bennuda - 19,993 a2 
• SA2 Forest - 28,990 ft2 

✓ Irrigation area based upon the water balance: 249,163 a2 

✓ Site is: ~ hydraulically limited D nutrient limited 
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I 

Professional Engineer's Certification: 

Kevin C. Eberle attest tbat 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 
,th 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 ofthese 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 ofa 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: 

Applicant's Certification (signing authority must be in compliance with 15A NCAC 02T .0106(b)): 

I,1-.\cJ,tlvv'] l. I& d.-U IA Viu¼a,µµ,//w- fti f-1\\.Ct.Mµ w AlU!.)w;-:;rr,..-f,\,_ 
(Signing Authority Name) (Title) 

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

has been reviewed by me and is accurate and complete to the best of my knowledge. I understand 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 ofthis application package are not completed and that if all 
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 ofan environmental crime, has not abandoned a wastewater 
facility without proper closure, does not have an outstanding civil penalty where all appeals have 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 fme not to exceed $10,000 as 
well as civil penalties up to $25,000 per violation. 

Signature: ____,\~'-=-'---'--'-.,'-=~~d;J~.~~-+--"-i"L~-- Date: 

Q; Ll,tlv\{u.w1l~ 
V ·,<(),., ~lw f,J tf'(\WIAL-(_ ~ 
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A~A 
MCDEMR 

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

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

September 19, 201 l 

Sharon Myers, 
Environmental and Stormwater Compliance Officer 
1 l 20 Estes Drive Extension CB #1650 
Chapel Hill, North Carolina 27599--1650 

Subject: Stormwater Pe1mit No. SW5 l l 090 l 
The University of North Carolina at Chapel Hill, Bingham Facility 
Low Density 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 l 5A NCAC 2H. l 000 and Session Law 2006-246. We are 
forwarding Permit No. SW5 l l 090 l, elated September 19, 2011, for the eonstrnction, 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 docs not supcrcede 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 f01m of a written petition, conforming to Chapter 150B of the 
North Carolina General Statutes, and filed with the Office of Administrative Hearings, P .0. Drawer 
27447, Raleigh, NC 27611-7447. Unless such demands are made this permit shall be final and 
binding. 

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

Sincerely, 

~)~
Jo; 6oteen H. Sullins 

cc: Raleigh Regional Office 
SPU Files 

Wetlands and Stormwater Branch 
1617 Mail Service Center, Raleigh, North Carolina 27699-1611 NOnehC 1·ort aroma
Location: 512 N. Salisbury St Rateigh, North Carolina 27604 
Phone· 919-807-6300 \ FAX: 919-807-6494 \ Customer Service: 1-877-623-6748 JVatural/fl
lnternet: www.ncwaterquallty.org 
An Equal Opportunity\ Affirmative AcUon Employer 

www.ncwaterquallty.org
mailto:mike.randall@ncdenr.gov


State Stormwater Permit 
Permit No.SW5110901 

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 IS 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 rules") 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 

, 1. This permit covers the construction of 154,696 square feet of built-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 slopes 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 necessary 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 located 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.SW5110901 

II. SCHEDULE OF COMPLIANCE 

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

2. 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 permittee 
shall provide copies of revised plans and certification in writing to the Director 
that the changes have been made. 

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

4. 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 modification from the Division. 

h. 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 option. 

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. 

5. Filling in or piping of any vegetative conveyances (ditches, swales, etc.) 
associated with the permitted development, except for average driveway 
crossings; is strictly prohibited by any persons. 
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State Stormwater Permit 
Permit No.SW5110901 

6. The permittee shall submit to the Director and shall have received approval for 
revised plans, specifications, and calculations prior to construction, for any 
modification to the approved plans, including, but not limited to, those listed 
below: 

a. Any revision to the approved plans, regardless of size. 
b. Project name change. 
c. Transfer of ownership. 
d. Redesign or addition to the approved amount of built-upon area. 
e. 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. 

f. Filling in, altering or piping any vegetative conveyance shown on the 
approved plan. 

8. 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. 

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

10. The permittee shall at all times provide the operation and maintenance 
necessary to operate the permitted stormwater management systems at 
optimum efficiency to include: 

a. Inspections 
b. Sediment removal. 
c. Mowing, and re-vegetating of the side slopes. 
d. Immediate repair of eroded areas. 
e. Maintenance of side slopes in accordance with approved plans and 

specifications. 

11. 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. 

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

Ill. 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. 

2. 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. 

3. 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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State Stormwater Permit 
Permit No.SW5110901 

4. 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. 

5. 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. 

6. 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. 

7. 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. 

8. 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. 

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

10. The issuance of this permit does not preclude the Permitts3e 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. 

11. 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 19th day of September, 2011. 

NORTH CAROLINA ENVIRONMENTAL MANAGEMENT COMMISSION 

~~---
for Colleen H. Sullins, Director 

Division of Water Quality 
By Authority of the Environmental Management Commission 

Page 4 of 4 



LOW DENSITY STORMWATER MANAGEMENT 
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STORMWATER MANAGEMENT PERMIT 
APPLICATION 



DWQUSEONLY 
Date Received I Fee Paid Permit Number 

I 
Applicable Rules: □ Coastal SW - 1995 D Coastal SW - 2008 D Ph II - Post Construction 
(select all that apply) □ Non-Coastal SW- HQW/ORW Waters D Universal Stormwater Management Plan 

□ Other WQ Mgmt Plan: 

State of North Carolina 
Department of Environment and Natural Resources 

Division of Water Quality 

STORMWATER MANAGEMENT PERMIT APPLICATION FORM 
Tlzis form may be photocopied for use as an original 

I. GENERAL 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 

2. Location of Project (street address): 

1907 Orange Chapel Clover Garden Road 

City:Chapel Hill County:=O~r=an~g.,e~-------- Zip:27516-7317 

3. Directions to project (from nearest major intersection): 

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 entry. 

4. Latitude:35° 54' 10" N Longitude:79° 1~4'~2=3~"-W~---- of the main entrance to the project. 

II. PERMIT INFORMATION: 

1. a. Specify whether project is (check one): 0New □Modification 

b. If this application is being submitted as the result of a modification to an existing permit, list the existing 
permit number________ , its issue date (if known)'.c--=--=--' and the status of 
construction: 0Not Started □Partially Completed* 0 Completed* *provide a designer's certification 

2. Specify the type of project (check one): 
[8]Low Density 0High Density □Drains to an Offsite Stormwater System 00ther 

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 stormwater 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): 

0CAMA Major i::g]Sedimentation/Erosion Control: 2.16 ac of Disturbed Area 

0NPDES Industrial Stormwater [8]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, Project/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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18, 2010. DWO issued a 401 Water Quality Certification (Certification No. 3821) /DWO Project No. 10-0451) 
for site on June 25, 2010. 

III. CONTACT INFORMATION 

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

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

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

b.Contact information for person listed in item la above: 

Street Address:300 South Building 

Cily:Chapel Hill State:.,_N=C"------ Zip:27599 

Mailing Address (ifapplicable):=C=am=p=u=s=B=o=x=l~00~0~--------------------­

City:Chapel Hill State:,_N=C"------ Zip:27599-1000 

Phone: /919 ) 962-3795 Fax: ~/9=1~9___}~9=6=2-=0=64=7________ 

Email:rlmann@unc.edu 

c. Please check the appropriate box. The applicant listed above is: 
[8l The property owner (Skip to Contact Information, item 3a) 
D Lessee* (Attach a copy of the lease agreement and complete Contact Information, item 2a and 2b below) 
D Purchaser* (Attach a copy of the pending sales agreement and complete Contact Information, item 2a and 

2b below) 
D 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 (ifapplicable):____________________________ 

City:________________ State:_______ Zip:_________ 

Phone: ,____,_______________ Fax: ,____...,______________ 

Email:_________________ 

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:Sharon 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:Chapel Hill State:~N.,,C~---- Zip:27599-1650 

Phone: (919 ) 962-9752 Fax: ~<9=1~9-~}~9=62~-=02=2~7_________ 

Email:samyers@ehs.unc.edu 

4. Local jurisdiction for building permits: NA - State Project, reviewed by State Construction Office 
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-------------Point of Contact: Phone#: ~--~------------

IV. PROJECT INFORMATION 

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

Low density utilizing existing and proposed grassed swales 

2. a. If claiming vested rights, identify the supporting documents provided and the date they were approved:
D Approval of a Site Specific Development Plan or PUD Approval Date: _____
D Valid Building Permit Issued Date: ______
D Other: ____________ Date:_________ 

b. If claiming vested rights, identify the regulation(s) the project has been designed in accordance with: 
D Coastal SW -1995 D Ph II - Post Construction 

3. Stormwater runoff from this project drains to the Cape Fear River basin. 

4. Total Property Area: 57.56 acres 5. Total Coastal Wetlands Area: n/a acres 
6. Total Surface Water Area: 1.17 acres 

7. Total Property Area (4) - Total Coastal Wetlands Area (5) - Total Surface Water Area (6) =Total Project 
Area•: 56.39 acres 

Total project area shall be calculated to exclude the fol/awing: t/ze normal pool of imp_ounded stnictures, the area 
between the banks ofstreams and rivers, the area below the Non11al High Water (NHW) line or Mean High Water 
(MHW) line, and coastal wetlands landward from the NHW (or MHW) line. The resultant project area is used to 
calculate overall percent built upon area (BUA). Non-coastal wetlands landward of tlte NHW (or MHW) line may 
be included in the total project area. 

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

9. How many drainage areas does the project have?l_ (For high densihJ, count 1 for eaclt proposed engineered 
stonnwater BMP. For law density and other projects, use 1for the whole property area) 

10. 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 Informatlon Draina1re Area 1 Drainaue Area Draina1re ¾ea Draina1re ¾ea 
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 Draina1re ¾ea 1 Draina1re Area Drainae:e Area Drainatre 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*** (sf) 144,984 

Total (sf): 154,696 

• Stream Class and Index Number can be determined at: http://portal.ncdenr.orz!weblwqlvs/csu/class1ficatio11s 
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** fo1pervious area is defined as tlze built upon area including, but not limited to, buildings, roads, parking areas, 
sidewalks, gravel areas, etc. 

*** Report only that amount 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. N,_,,_A-'---------

/'-.lh4. 

Projects in Union County: Contact DWQ Central Office staffto check if the project is located within a Threatened & 
Endangered Species watershed that mil)! be subject to more stringent stormwater requirements as per NCAC 02B. 0600. 

V, SUPPLEMENT 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 iatesl versions of the forms can be downloaded 

1from http://porLal.nc<.k·t1Lt:~/ ·,veb/ wq{~~_.L-±~1LV1)n~:f!J.~Du~J. 

VI. SUBMITTAL REQUIREMENTS 

Only complete applkatlon packages will be accepted and reviewed by the Division of Water Quality (DWQ). 
A complete package includes all of the items listed below. A detailed application instruction sheet and BMP 
checklists are available from !"ttt_gj / portal.ncdt=ilr:J2.!&l.~Y£b} ~YH[Y'!·i'.L~~-~5_tah~S1/1/ / !orn~_f\!J:5:?. The complete 
application package should be submitted lo the appropriate DWQ Office. (The appropriate office may be 
found by locating project on the interactive online map at htt.11:lLL"?Jt~U11.J.l;cnr.o,mL,y_~h/ J'!<J/ ws/su/ mal'~-) 

Please indicate that the following required information ha_ve been provided by initialing in the space provided 
for each item. All original documents MUST be signed and initialed in blue ink. Download lhe latest versions 
for each submitted application package from !ttlPJlnPt:lc}LJ}~F1fnr.ofg/ \veb/ ,.vq/-.,,vs/ su/ statesw / fo,qps dof~-

lnitials 
1. Original and one copy of the Stormwater Management Permit Application Form. ____crliL_ 
2. Original and one copy of the signed and notarized Deed Restrictions & Protective Covenants 

Form. (if required as per Part VlI below) 
3. Original of the applicable Supplement Form(s) (sealed, signed and dated) and O&M 

agreement(s) for each BMP. 
4. Permit application processing fee of $505 payable to NCDENR. (For an Express review, refer to 

http:/ I www.envhel!2,QI£/ pages/ onestopexpress.html 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 applica.tion meeting.) 

5. A detailed narrative (one to two pages) describing the stormwater h·eatment/managementfor 
the project. This is required in addition to the brief summary provided in the Project 
Information, item 1. 

6. A USGS map identifying fhe site location. If the receiving stream is reported as class SA or the 
receiving stream drains to class SA waters within½ mile of the site boundary, include the½ 
mile radius on the map. 

7. Sealed, signed and dated calculations. 
8. Two sets of plans folded to 8.5" x 14" (sealed, signed, & dated), including: 

a. Development/Project name. 
b. Engineer and firm. 
c. Location map with named streets and NCSR numbers. 
d. Legend. 
e. North arrow. 
f. Scale. 
g. Revision number and dates. 
h. Identify all surface waters on the plans by delineating the normal pool elevation of 

impounded sh·uctures, the banks of streams and rivers, the MI-!W or NHW line of tidal 
waters, and any coastal wetlands landward of the MHW or NHW lines. 
• Delineate the vegetated buffer landward from the normal pool elevation of impounded 

structures, the banks of streams or rivers, and the MI-!W (or NHW) of tidal waters. 
i. Dimensioned property/ project boundary with bearings & distances. 
j. Site Layout with all BUA identified and dimensioned. 
k. Existing contours, proposed contours, spot elevations, finished floor elevations. 
!. Details of roads, drainage features, collection systems, and stormwater control measures. 
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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. 
o. Drainage areas delineated (included in the main set of plans, not as a separate document). 
p. Vegetated buffers (where required). -¥ 

9. Copy of any applicable soils report with the associated SHWT elevations (Please identify '.L'i_ 
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 i.nfiltration rate, and the method of determining the infiltration rate. 
(Infiltration Devices submitted to WiRO: Schedule a site visit for DWQ to verifiJ tl,e SHWT prior 
to submittal, (910) 796-7378.) 

10. A copy of the most current property deed. Deed book: 229 ___ Page No: ~37~9~---
11. For corpoxations and limired liability 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.as~ 

vn. DEED RESTlUCT!ONS AND PROTECTIVE COVENANTS 

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 Jot 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 restriction form. The approprial-e deed restrictions and 
protective covenants forms can be downloaded from 
i1.~ted I poi:tal. ncd.enr .(lL.liL~j,~1;1~)-~~J!~.~'-~./?.h!/~1,}J:t_:s\\ · / r~ )rms docs. Download 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 ensuring 
that the deed resh'ictions are recorded. 

By the notarized signature(s) below, !he permit ho!der(s) certify that the recorded property restrictions and 
protective covenants for this project, if required, shall i.ndude 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 mn with the land, that the required covenants cannot be changed or deleted 
without concurrence from the NC DWQ, and that they will be recorded prior to the sale of any lot. 

Vl!L CONSULTANT INFORMATION 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 i.nformation). 

Consulting Engilwer: Curt Blazier. PE-'-LEED AP_······-·-----------------------­

Consulti.ng Firm:_ McKim &_Creed."-'--P-'-A'--------------------------------

Maili.ng f\c!dress:"!730 Varsitv Drive, Sm~·te=5~0~0__________________ 

Citv:Rait~icrh State:~N~C~---- Zip:~27~6=0~6~------

Phone: ,c(9'-"1"'9___..L.._,,,_23"'3'---"'80"-'9'-'1~------- Fax: {919 2Y1-801L.___ 

Email: cblazier@mckimcreed.com 

IX. PROPERTY OWNER AUTHORIZATION (if Contact l11for111atio11, item 2 has been filled out, complete t'1is 
section) 

I, (print or type name of person listed in Contact lllformation, item 2a) __________ .. ______, certify that I 
own the property identified in this permit application, and thus give permission to (print or type name of person 

_listed in Contact Information, item la) ________________ with (print or hjpe name oforganization listed in 
Contact Information, item 1a)_____________ to develop the project as currently proposed. A copy of 
the lease agreement or pending property sales conlTact has been provided with the submittal, which indicates the 
party responsible for the operation and maintenance of the stormwater system. 
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As the legal property owner I 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. I 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 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 storm water permit. Witness my hand and official seal, _____________________ 

SEAL 

My commission expires _______________ 

X. APPLICANT'S CERTIFICATION 

I, (print or h;pe name ofperson listed in Contact Infonnation, item la) Richard L. Man11, Vice Chancellor for Finance and 
Administratio11 
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:__________ 

I,-------------··········-···' 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. _______________ 
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STORMW ATER MANAGEMENT PERMIT APPLICATION (SWU-101 VER 06.07.10) 

PART VI. SUBMITTAL REQUIREMENTS 
ITEM 5 DETAILED NARRATIVE - Addendum 1 

LOW DENSITY STORMWA TER 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 contiguous 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 IO 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 after 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 to 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 treatment 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. 
• 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 

Parcel Area 57.56 SF Acres 

Pre-Existing Development 
Pasture/meadow 
Woods 

8.03 
49.53 

Existing Development 
1. Existing Bingham 1 
2. Existing Bingham 2 
3. Existing Bingham 3 
4. Existing Storage Bldg 
5. Existing Storage Bldg 
8. Existing Well House 
14. Existing Bldg 
15. Existing Trailer 
16. Existing Transformers 
17, Existing Chiller Pad 
Gravel 

12,429 
5,353 
16,000 
3,475 
2.437 
368 

1,347 
1,100 
900 

1,075 
100,500 

0.29 
0.12 
0.37 
0.08 
0.06 
0,01 
0.03 
0 03 
0.02 
0.02 
2.31 

Total Impervious 144,984 3.33 Acres 5.78% Impervious Surface Cover 

Proposed Development 
New VI/W Facility (Impervious - Other) 
Chiller Units w/pads (Impervious - Other) 
Propane Tanks- gravel drive (Impervious- Streets) 
Propane Tanks-pad 

365 
675 

4,462 
4,210 

0.01 
0.02 
0.10 
0.10 

Total Proposed Impervious 9,712 0.22 Acres 

Total Impervious from Existing and Proposed 154,696 3.55 Acres 6.17% Impervious Surface Cover 
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C.. 8, HODGO~ 
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IH IUu.AIIIJ •UILUIKI) 
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.l:"repa.reo oy:. c. Jj,. ltOQijOu., .11.Ul,OL'U~.V f;ll., J.JJ.W,. V.r.u£,,llt;'i.L ll.l..u.,- ,tV.1. uu Vt1J.V.a.,,.~,o. 

NORrl! CAROLINA 

ORANGE .COUNTY ,DE E·D 

'6018 
THIS DEED, MADE AND EN.rERED Il)'l'O THIS THE lti ¢,day of Ma:,, 1971, 

,by- and between Anthony L. Jacobs and wife., Isabelle M. Jacobs, parties o'f 

the first part; and the State o~ North Carolina, party of the second part; 

WITNESSETH: 

That for and in consideration of' the sum of TEN OOLL.ARS ($1.0.00) 

and other good, valuab1e and sufficient considerations, to them in h~nd 

paid, the receipt of which is hereby fully a~knowledged, said parties of 

the first part have gi~en, granted, bargained and sold and do by these 

presents, give, grant, bargain, sell and conyey Wlto the party of the 

eecond part, the following tract or parcel of land lying and being in 

Bingham. Township, in Orange County, North Carolina, and more particularly 

described as tollows! 

Being ten (10) miles West of the Town of Chapel Hill, North 
Carolina and on the East side of the Public Boad which is State 
Road 1956 leading in a Nortb-South direction.between N. C. 
highway No. 54 and State.Road 1005 and being about 0.5 miles 
No~th of said State Road and adjoining said State Road 1956, T. 
J. ReBan, Oeoree Mayn.9:rd, J. J. Thompson, Warren Ray, Edc;ar 
Pickard and Pau1 Hancock, Qnd more ~articu.:15.rly deecribed 
as BEGINNING at a concr~te monument in the Eost rir:;:ht-of-way 
line of the said State Road and in T. J. Regaars line and 
running: thence North 86° 15' West 30 feet to tbe center of &ai.d 

-State Road; running thence ~"ith the center of said road North 9° 
46 1 West 881.3 feet North 6° 54' West 267.1 feet and North oo 

~.i·,;i ..·•• 50' West 213.9 feet; running thence South 88° 40' East 30 :feet 
" ,,, c•, ,., ,. to a concrete monument in the East right-of-w-ay line of the said 

publ.ic road, and continuing in the same directi.on with PaU::. 
Hancock 1 s South line To6.l feet to a common corner of the Hancock 

..,,~i~ and Fiigo.r Pieke:rd praperty, a rock monum5nt; running thence 
·with Filgar Pickard's South line South 88 40 1 Ea.st 907~0 feet 
to a concrete monument; running thence with Pickard's line North 

· . .,·:,., .":·5° 23 1 East 94 feet to a concrete monument, Warren Ray's Southwest 
•·,:·.,.l (,,corner; running thence 'With the said Ray line South 86° 19' 

East 140.8 feet to an iron stake; running thence in the same 
direction 'With J. J, Thompson 1 s South line 181.7 feet to a rock 
monument, George Maynard's Northwest corner; running thence 
with the said Mayna.rd I s West line South 1° 02' West 1499 t'eet 
to a rock monument; running thence and contin...ing with the said 
Mayne,;r:d l:lnc North 86° 15' Went 1282.6 '1:'ec-t to o.r. t:ron p!r,e: j_f. 

T. J,. Regan I s Northeast corner; runn1 n13 thence in the sarr,.:: d: T(;lc­

tion with Began ts North line 295. 5 feet to the Beeinnin~, c.or.­
taining 57,59 e.cres, more or less, (0.94 acres be:lng within ;:.h,:; 
r'.ght-of-we.y of the said public road) as surveyed and platte~ by 
Hugh B. McFarling, Registered Surveyor, in February, 1963, sai~ 

·plat being recorded in t~e Office of the Register of Deeds of 
Orange County in Pla~ Book 12, at page 17, and being part of the 
same land conveyed to John Ira Lewis by deed of pa.vid M, Lewi.s, 
dated September 22, 1937. As recorded in the Office vr ~he Reg­
ister ot Deede of Orange Coun~y in Deed Book 105, a~ PaGe 315, 
and being the sa.me 'PrO'Pert.y conveyed to Anthony L~ J"acoO..::; 'and 
wt ro. Trt~ltt>1"1" M. ,fA.tJ!"thP h,r 'Pn~11 nf' 1T11J111 Tl'A J,P.-.1it-1 A.ml wf rfl', r.~.1l,'{ 
Daiuy Lt,wi~, .:\!4t..::.i !..ht:! la!, dt\.y or A:1n•\.l, l•JriJJ b.h•• ca.b r-0:mur~,:,1 
in the Office ~f the Regiete~ of Decda of Or~nge Coun~y in Deen 
Book 192, at ,aee 306. 

BOOK 229 rAr.( 379 
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STATE OF NORTH CAROLINA-ORANGE COUNTY 

THe FoReG01NG ceRTIF;'c::ATe on oF Margaret T • Sin.gm.an 
FILED 

A NOTARV l~PUBLIC Of' THE OESIGNATEO GOVERNMENTAL UNITS IS DQJU!0 CERTlf!EO T4)0l}K/~~PAQ.£4i37'1 
CORRECT ~ 

THlsTHE 
6th 

AVOF May ~-A.O.,l9)b,-~- 2 5q rt!.'11 
aeTTv JVNe HAve.s. REG1sTeA oF oEeos av: ~--- - -·c.lTY JUNE: HAYES 

Ass1sTANT1~.ac. REGISTER or oEEDSA tRETuRN: CharJ.ie Hodson, t y. ReG1sn"' oF oEeos ORANGE COUNTY, N.C. 
BOOK 229 PAC£ 380 

· llett;•.r~~~ye~, Regi;t;;-;f~;a';;:--·E- ·· ~-... -
By: _____________ 11 

\ 

/
/./.··· TO RAVE PJ1I) TO HOLD tbe aforesaid tract or parcel of land and ~ll 

rivileges and appurtenances thereunto belonging to the said party of the 

econd part in fee simple forever, except the highway right-of-way over 0.94 

ere thereof', and that tbe said party of the first pa.rt 'Will f'orever warrant 

nd defend the said title t.o the same against the claims of all persons 

homaoever. 

IN TES!l!!MONY ll!!lilREX)F, the ea.id parties of the first part has 

ereunto set his baud ,e.nd seal. :the day and y_ear first above written. 

(SEAL) 

C. e. HODSON 

Al'TOIINa' AT U.W 

, , .. DUL\AnD av1L.01t-111 

GIUU'J:t. MIU.. M, G. 

https://CharJ.ie
https://Ass1sTANT1~.ac
https://Sin.gm.an
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Technical Data Sheet 

AdvanTex® -AX100 Textile Filter 
800-3411·9843 

Applications 
Orenco'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 Filter, 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 

• Pretreatment 

• Nitrogen reduction 

• Price-sensitive markets 

For sizing, see AdvanTex® Design Crtteria INDA-ATX-COMM-2). 

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

*Covered by U.S. patent numbers 6,540,920; 6,372,137; 5,531,894; 5,480,561; 5,360,556 

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

• Wastewater treatment to better than "secondary" treatment 
standards 

• Consistent treatment, even during peak flows 

• limer operation for flow monitoring, flow modulation, and 
surge control 

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

• Consistent media quality 

• Low energy consumption 

• low maintenance requirements 

• Complete pre-manufactured package, ready to install 

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

• Anti-flotation flanges 

• Quiet operation 

Standard Model 
AX100 

Physical Specifications 
Approximate Dimensions** 
Length, in. Imm) 19114851) 

Width, in. Imm) 94 (2388) 

Height, in. (mm) 42 (1067) 

Area (footprint), ft2 (m2) 128(11.9) 

Ory Weight, lb (kg) 2000 (907) 

"" See AdvanTe,tl'J Ireatment System drawings far exact dimensions 

AlD•AlX-AX-3© 2011 Orenco Systems® Inc. 
Rev. 2.0, © 00/11 
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Design Aid 

AdvanTex® Design Criteria 
8111H48·9843 

For Commercial and Multi-FamilyApplications: AX1(}(} and AX20 Models 

System Description and Treatment Process 
Commercial AdvanTex® AX100 and AX20 Treatment Systems are amultiple-pass, packed bed aerobic wastewater treatment technology 
specifically designed and engineered for long-term processing of domestic strength wastewater. AdvanTex Treatment Systems are capable of 
processing typical domestic influent wastewater (see Table 1) to "better than secondary treatment standards." Excellent results with regard to 
cBOD5 and TSS should be achieved, and total nitrogen reduction will typically exceed 60% on average, assuming sufficient alkalinity is avail­
able. Figure 1shows astandard layout for acommercial AdvanTex AX100 treatment system. (Primary treatment and dispersal not shown.) 

Figure 1. Standard Commercial AdvanTex Treatment System: Top View (AX100 Shown) 
~----~-----~--------Air Inlets 

AdvanTex® 
AX100 Pods 
(typical) 

VentFan~~~~--J]l[~====~~~~~::1Assembly Ill ProSTEP 
Duplex Pump 
Package 

Screened -.-==;:=:::, 
Influent From 
Primary Tankage 

ln-rr---n--n---n--frn-n--rr-irn-n--,~~~'r/f'r---_ 

t 
Discharge 

Recirculating 
Splitter Valve 

Recirculation­
Blend Tank 

Prior to the AdvanTex Treatment System, primary treatment of raw sewage is accomplished through appropriately-sized primary septic tanks. 
After primary treatment, the effluent enters the recirc-blend tank, where it blends with the contents of the tank. ProSTEP'" pump packages in 
the recirc-blend tank transport blended effluent to adistribution manifold in the AdvanTex filter pod. Effluent percolates down through the textile 
media, where it is treated by naturally-occurring microorganisms that populate the filter. After passing through the filter media, the treated efflu­
ent flows out of the filter pod through the filtrate return line that returns the effluent to the recirculating valve (RSV or MM). The valve automati­
cally splits or diverts the flow between the recirc-blend tank and the final discharge and controls the liquid level within the tank. During extended 
periods of low forward flow into the system, 100% of the treated effluent is returned to the recirc-blend tank. The recirc-blend tank is set up so 
that incoming effluent from the primary septic tanks and filtrate from the AdvanTex system pods enter opposite the pump discharge to the pods 
so that mixing, blending, and dilution of the effluent occurs before being dosed onto the AdvanTex filter pods. 

© 2011 Orenco Systems® Inc. NDA-ATX-COMM-PKG-1 
Rav. 3.0, © 06/11 
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AdvanTex® AX100 & AX20 Commercial Design Criteria 

System Selection: Size and Configuration 
Commercial AdvanTex Treatment Systems are typically configured as shown in Figure 1. For smaller systems, AX20 pods can be arranged in a 
similar configuration. If additional nttrogen reduction is desired, aspeciatty mode in which aportion of the filtrate is routed to recirculate through 
the primary tank may be considered. This option allows for improved denitrification to enhance the overall nutrient removal. There are several 
other factors that influence tihe nitrogen process, and each of these should be considered when developing aplan for achieving signfficant 
reduetions 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 (mg/L) 

8005 150 250 500 

TSS 40 75 150 

Tl(N 65 75 150 

G&O 20 25 30 

pH 7 a51o 7.5 6to9 

Alkalinity 250-lOO(desired)' -

* 'Typical Commercial AdvanTex Influent Wastewater Strength" is the maximum allowable wastewater strength entering the rec/re-blend tank ofan AdvanTex Treatment System. 

t Commercial systems will occasionally vary in strength based upon changes in flow characteristics or ownership. As the average influent strength approaches 80% of the weekly 
peak levels, consideration mustbe given to providing supp!ement;J/ prNreatment, additional treatment units, or process oversight 

i Wastewater alkalinityshould rarefy drop below these levels if nitrogen reduction is necessary. 

System Requirements: Recommended Primary Tankage 
Typical primary tank sizing will be based on Preferred HRTs (Hydraulic Retention Times) as described in the Primary Tank Sizing Chart 
(NDA-TNK-1) provided as an Appendix to this document. For subdivisions, recommendations assume that design maximum daily flows 
are typically two times design average daily flows. For commercial establishments such as schools, 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
lishments can be valuable. Also, please fee) free to contact Orenco at 800-348-9843 or +1-541-459-4449. 

In the primary tank(s), the raw sewage separates into 
three distinct zones: ascum layer, asludge layer, and a 
clear zone. Heavy solids settle to the bottom to form the 
sludge layer, while the lighter material floats to the top to 
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 aBiotube® effluent 
filter 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 awatertight test including 
the riser/tank connection. For detailed specifications, see 
structural and watertightness criteria in Orenco's Material 
Specifications (NDA-ATX-COMM-SPECS-1). 

Figure 2. 'lypical Primary Tank 

Scum 

Clear zone -

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

Inlet 

Fig. 3a: Cast-in-Place Primary Meander Tank Fig. 3b: Multiple 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 documents, Septic Tank Sizing for LE.rge Flows, (NTP­
TNK-TRB-2) and Design and Perfonnance of Septic Tanks, (NTP-TNK-TRB-3), provide significant background information specific to the 
primary tank design and configuration. 

Recirculation-Blend Tankage 
The recirculation-blend tank is sized to equal at least 80% of the design maximum daily flow. Alarger tank may be recommended based 
on the expected organic or peak design hydraulic loads, or to accommodate special surge capacities or operator response capabilities. 

For nitrogen-sensitive areas requiring greater than 60% nitrogen reduction, the recirc-blend tankage is sized to equal at least 100% of 
the peak flow and greater primary tankage is recommended. Where access to aprimary waste source is unavailable, this may be pro­
vided as two separate tanks, typically an 80% recirc-blend preceded by a20% denitrification tank. Contact Orenco for details. 

Design Loading Rates 
Typical loading rates are based on the AdvanTex Loading Chart for Commercial and Mu/ti-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 Table 1. Performance is afunction of the expected typical loads with periodic weekly peaks. The 
packed bed media filter used in Orenco's AdvanTex AX100 Treatment Systems is configured in the same manner as our AX20 Treatment 
Systems, which are NSF/ANSI Standard 40 Class I-approved. Typically, the daily mass loading is based on the expected daily flows and 
parameter strength. Figure 4 shows average loading capacity at 95% confidence level. 

The base nominal hydraulic loading rate (HLR) for an AdvanTexTreatment System is 25 gpd/ft2 with abase organic loading rate (OLR) of 
0.04 lbs BOD/ft2 · day (0.2 kg BOD/m2 • day). The AdvanTex AX100 has anominal (plan view) surface area of 100 ft2/pod (9.3 m2/pod) and 
the AdvanTex AX20 (sometimes used in small commercial applications) has anominal surface area of 20 ft2/pod (1.9 m2/pod). 

At these loading rates, design criteria target a 10/1oeffluent quality i_n the discharge effluent Discharge levels may be projected at a95% 
confidence level relative to the hydraulic loading rate. Peak HLR's of 50 gpd/ft2 (2000 Lpd/m~ or peak OLR's of 0.08 lbs BOD/ft2 

· day 
(0.4 kg BOD/m2 · day) can be handled for short periods of time with little effect on performance. Higher loading rates may be applicable 
relative to higher discharge limits or sufficient operating documentation, but would not be allowed to exceed 50 gpd/ft2 (2000 Lpd/m2

) at 
the typical average characteristics presented in Table 1. Athorough evaluation of all the typical wastewater characteristics will guide design 
limits. High oil and grease concentrations may require pretreatment to ensure maintenance frequencies are not excessive. 

If the loading rate (or mass load) needs to be reduced to meet discharge limits, it's asimple matter of adding additional modular units. 
Operationally, the module's flexible and easily serviceable features make AdvanTex units an ideal, efficient, and effective solution for all 
wastewater treatment applications with domestic waste characteristics. 

NDA-ATX-COMM-PKG-1© 2011 Oreneo Systems® Inc. 
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Ventilation 
Commercial AdvanTex filters may come with either an active or passive vent system, depending on application type and desired treatment 
levels. An active vent system utilizing a low wattage fan will typically be used, except for small systems with residential quality influent 
waste strengths. The internal volume of an AX100 is about 350 f\3 (1 Om~; typically, air changes occur every other hour. AX20 units 
typically use passive ventilation. 

The inlet plumbing to the recirc-blend tank should allow for natural ventilation back through the building sewer and vent stack. Building 
sewer lines provide a natural conduit for air movement and exchange throughout the recirc-blend tank and treatment system. 

The passive vent provided contains a carbon filter material to mitigate odors. However, asmall amount of odor may still 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 a 
passive ventilated system in areas where this occasional odor may be perceived as a nuisance. 

Figure.4, 
Effluent O.uality vs. Hydraulic Loading Rates* 
(ANSI/NSF Standard 40 and Other Third Party Testing Results) 

- 95% Confidence Level •-""·- Average 
@I Recommended Design Range for Residential Strength Waste 

• Influentconcentrations of 162 mg/L B005and 291 mg!L TSS, with peak 
influent concentrations of 550 mg!L B000 and 1600 mg!L TSS. 

Typical EffluentOuallty 
Effluent quality is dependent on anumber of factors, including influent 
characteristics and loading rates. Third party NSF/ANSI Standard 40 
testing results are shown in Figure 4. The results. demonstrate that low­
to,moderate. loading.rates can produce cBOD and. TSS of <5. mg/L, 
w.hfle higher loading rates produce cBOD and TSS in the range of 
15-25 mg/L. 

Nitrogen reduction in the standard configuration wm typical~ exceed 60 
percent. Using aspecialty mode, nitrogen reduction will typically exceed 
70 percent, depending on wastewater strength and other characteris­
tics like B0D5, grease and oils, pH, tankage (HRT), temperature, and 
alkalinity concentrations. Nitrification can be inhibited if the natural buff­
ering capacity (alkalinity) is too low. On a theoretical basis, 7.14 mg/L 
of alkalinity as CaC03 is needed to nitrtfy 1 mg/L of NH4-N. For more 
information on nitrogen reducing systems, contact Orenco. 

Pumping Equipment 
The integrated treatment package includes an Orenco ProSTEP™ pump 
package. Typical~ asingle pump is necessary to energize the distribu­
tion manifold in the an AdvanTex treatment pod. For the AX100, there 
are four laterals in each filter with two spray nozzles per lateral. The 
flow can be varied by adjusting the pressure at the pod inlet; however, 
our baseline operational flow is about 6.0 gpm per nozzle, which puts 
the pumping rate at about 48.0 gpm per each AX100. Orenco pump 
models PF5005, PF5007, PF5010, and PF7510 are used for the AX100 
units. Duplex or sufficient multiple pumps are required in all commercial 
applications to ensure operational integrity with one or more pumps out 
of commission. 

Distributing Valves (Optional) 
Automatic distributing valve assemblies are used to alternate doses 
to up to three AX100 pods utilizing a duplex ProSTEP pump package. 
Orenco often recommends designing without automatic distribution 
valves if possible, to eliminate 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. 

NOA-ATX-COMM-PKG-1 © 2011 Orenco Systems® Inc. 
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Distribution valves allow for a 4 :1 recirc-blend ratio during periods 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 
Orenco AutomaUc Distributing Valve Assemblies for Wastewater Effluent Systems (NTP-VA-1). 

Residual Pressures 
The residual pressure will typically be set to 3.0 psi (20.7 kPa) to attain the desired 6gpm (0.38 Lps) per nozzle. Each AX100 pod is supplied 
with agauge tap and valve assembly to allow for pressure measurement at the pod inlet 

Recirculation-Blend Ratios and limer Settings 
Typical operating recirculation-blend ratios will vary between 2:1 and 4:1, and the "off" time varies as afunction of the recirc-blend 
ratio. The AdvanTex Treatment System controls are initially set to a4:1 recirc-blend ratio, and initial timer settings are established 
based on the design average daily flow. Atypical dose event will vary between 1 and 2 minutes and will deliver about 6 to 12 gallons 
(23 to 45 liters) 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 filter 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 
both fixed and suspended growth biological systems. Atimer-controlled pump in the recirc-blend chamber periodically doses effluent to 
adistribution system on top of the AdvanTex filter media Each time the filter is dosed, effluent slowly percolates through the filter media 
and is treated by naturally-occurring microorganisms that populate the filter. During periods of high flow, atimer 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 
mode during extended periods of low inflow. 
Atelemetry-based panel - which can be connected to a land line, cellular service, internet, or satellite service - controls all equip­
ment. Remote telemetry control panels are an integral part of all commercial AdvanTex Treatment System equipment packages. The 
remote telemetry feature provides real-time operator monitoring and control over system components, 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 into the telemetry control panel. This also allows the manufacturer to contact the panel 
directly to assist the operator in system evaluation and troubleshooting or to manually override operations. Remote telemetry 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 also integrate into existing SCADA systems. 

Surge Volume 
AdvanTex tankage design is consistent with that of other packed bed filters. Flow equalization should be designed into the primary tanks 
with controlled (metered) feed to the recirc-blend tank. If surging needs to be done in the recirc-blend tank, then sizing and timer controls 
will be programmed to 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 installation in areas that are free of water. If aproject requires placement of the pod in ahigh-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; R-5 or 0.2 BTUs/hr/ 
ft2/°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 all lines to drain, insu­
lating processing tank lids, and backfilling risers with pea gravel if frost-heave is aconcern. For extreme climates with long periods of sub­
freezing weather, awarm air source may be required. Contact Orenco if supplementary options need to be considered. 
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Appendix 1: Primary Tank Sizing 
At Orenco Systems, we believe astructurally sound, watertight, and well-maintained septic tank is one of the most effective and economical 
wastewater treatment devices available. Adequate septic tankage will anaerobically digest organic material, remove settleable and floatable 
solids, help modulate 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 applications. The table includes mini­
mum and preferred tankages for adozen common types of facilities. We acknowledge that both the minimum and preferred tankages listed 
exceed EPA minimum sizes. After conducting extensive research on septic tankage, we are convinced that the smaller tankage anrived at 
using the EPA formula will result in suboptimal performance. Moreover, although smaller tanks may cost less initially, long-term cost of own­
ership is greater when their higher maintenance costs are taken into consideration. From an economic standpoint, ensuring adequate tankage 
of onsite wastewater treatment systems is an effective way to reduce operational costs. Consequently, we base our numbers on long-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, multiply the design maximum daily flow in gallons 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). 

• Because grease and oil can inhibit microbial action and seal the pores in a packed bed filter or soil absorption system, Orenco 
recommends agrease tank for any facility with acommercial kitchen. Agrease tank, which provides the longer 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 oil before integrating the kitchen flow into 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 facilities like these that need surge 
control, flow equalization should be included in the tank design. 

• For facilities 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 larger facilities, such as the bottom three categories on the chart, the values are intended to be cumulative. 

This table should be used as ageneral guideline for decentralized wastewater treatment designs. If you have questions about special 
cases where larger tankage or other measures may be necessary, or if you have general questions about flow equalization, please 
call Orenco Systems at (800) 348-9843 or +1-541-459-4449. 
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Primary Tank Sizing Chart 

Grease Tankage1 i 
HRT (days) , 

Primary Tankage' 
HRT (days) 

Grease Tankage1 : 
HRT (days) : 

Primary Tankage' 
HRT (days) 

DHice/Manulacturing/light Industrial 
a) restrooms only n/a 3 n/a 4 

RestauranVDeli 
a) restrooms and kitchen 3 4 5 5 

Convenience Store/Gas Station 
a) restrooms only 
b) restrooms and kitchen/deli 

n/a 
2 

3 

3' 

n/a 
4 

4 
4' 

Hotel/Motel/Multiple Dwelling Units 
a) restrooms and kitchens 
b) restrooms and restaurant/kitchen 

n/a 
3 

3 

3' 

n/a 
5 

4 

4' 

Church 
a) restrooms only 
b) restrooms and kitchen 

n/a 
2 

2.5 +Surge' 
2.5 + Surge'-' 

n/a 
4 

4 + Surge• 
4 + SurgeM 

School 
a) restrooms only 
b) restrooms and kitchen 

n/a 
3 

3 + Surge• 
3 +Surge'-' 

n/a 
5 

4 + Surge' 
4 +Surge" 

Dog KennetNeterinary Clinic 
a) restrooms only 
b) restrooms and floor drains 

n/a 
n/a 

3 
4 53 + Surge3• ·

n/a 
n/a 

4 

4 + Surge3.4,5 

RV Park 
a) RV spaces 
b) dump station 

n/a 
n/a 

3 

8 

n/a 
n/a 

4 
10 

Casino 

a) gaming floor 
b) hotel/motel 
c) restaurant/deli 

n/a 
n/a 
3 

3 

3 

4 

n/a 
n/a 
5 

4 
4 

5 

Resort/Camp 
a) bunk houses 
b) main houses 
c) kitchen 

n/a 
n/a 
2 

3 

3 

3 

n/a 
n/a 
4 

4 
4 
4 

1. Grease tankage HRT is based on aseparate kitchen design maximum daily flow, which is integrated into the main flow prior to the primary septic tanks. 
2. Primary tankage HRT is based on the sum of the design maximum dally flows from all sources. 
3. For facilities with restrooms and kitchen, primary tankage volume is determined by multiplying the sum of the design maximum daily flows of the restrooms and kitchen 

combined by the factor in the primary tankage cell. 
4. To determine surge volume for flow equalization purposes, please can Orenco Systems at (800) 348-9843 or +1-541-459-4449 for assistance. 
5. To reduce septage pumping in these and other specialized applications, we recommend using mult!ple tanks: The first should be small (0.5 to 0.75 HRl); subsequent tanks 

should provide the remaining HRT requirements. 

Note: Tankages are based on long-term performance satisfaction (with respect ta septage removal} and nominal quality (minimum} to high-quality (prefem,d) 
effluent Ifeffluent strength is higher than the expected level or ifa higher level of treatment is required, greater tankage will be necessary. 
To enhance total nitrogen reduction, primary tankage should be increased for AdvanTex Mode 3Systems. Contact Orenco for specifics. 
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Appendix 3: AdvanTex® Loading 
For Commercial and Multi-Family Applications 
At Orenco Systems, we have spent more than two decades researching packed bed filters, aproven wastewater technology. Based on 
our research, we developed the AdvanTex Treatment System, which has been in use since the mid-1990s. AdvanTex Treatment Systems 
work like recirculating sand/gravel filters, which treat wastewater through acombination of physical, chemical, and biological processes. 
AdvanTex produces effluent that exceeds "secondary" treatment standards. 

The difference between AdvanTex and sand/gravel filters is AdvanTex Treatment Systems use an inert nonwoven textile material instead 
of granular media such as sand or gravel. Textile 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. 

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

• Textile media weighs considerably less than granular media, so AdvanTex systems can be prepackaged, which results in reduced instal­
lation costs. 

• Textile media is washable, allowing for a relatively quick and easy rejuvenation of the treatment system in case of abuse or over-
loading. 

Designing an AdvanTex Treatment System is similar to designing arecirculating sand filter (RSF). Most commercial AdvanTex systems 
also require aventilation 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 treatment systems. 

In areas that are not nitrogen-sensitive, the recommended size of the recirculation-blend tank for the AdvanTex 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 daily design flow. 

AdvanTex systems have performed well in residential applications where nitrogen 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 anumber of other factors. While commercial AdvanTex 
systems can be optimized for nitrogen removal, meeting stringent nitrogen limits on acontinuous basis cannot be guaranteed. 

The AdvanTex Loading Chart on the next page lists Orenco's loading rate recommendations for vartous applications. It includes loading 
rates for both design average daily flow and design maximum daily flow for AdvanTex filters used in commercial and multi-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 ageneral guideline for decentralized wastewater treatment designs. If you have questions about spe­
cial cases where different loading rates or other measures may be necessary, or if you have general questions about the AdvanTex 
Treatment System, please call Orenco Systems at (800) 348-9843 or +1-541-459-4449 
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AdvanTex System Loading 

g g y (gp q ) g y (gp 

Subdivisions/Multiple Dwelling Units 25 50 

Dffice/Manufacturing/Light Industrial 
a) restrooms only 25 50 

Restaurant/Deli 
a) restrooms and kitchen 10 25 

Convenience Store/Gas Station 
a) restrooms only 
b) restrooms and kitchen/deli 

15 
10 

40 
25 

Hotel/Motel/Multiple Dwelling Units 
a) restrooms and kitchens 
b) restrooms and restaurant/kitchen 

25 
15 

50 
35 

Church 
a) restrooms only 
b) restrooms and kitchen 

25 
15 

50 
40 

School 
a) restrooms only 
b) restrooms and kitchen 

25 
15 

50 
40 

Dog KennelNeterinary Clinic 
a) restrooms only 
b) restrooms and floor drains 

25 
15 

50 
40 

RV Park 
a) RV spaces 
b) dump station 

25 
Not recommended 

50 
Not recommended 

Casino 
a) gaming floor 
b) hotel/motel 
c) restaurant/deli 

25 
25 
10 

50 
50 
25 

Resort/Camp 
a) bunk houses 
b) main houses 
c) kitchen 

25 
25 
10 

50 
50 
25 

1. AdvanTex loading rates assume properly sized primary tankage, as outlined in the Orenco Design Aid, Primary Tank Sizing, {NDA-TNK-1}. Loading rates are based on 
nominal wastewater characteristics as described earlier 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 Is expected to produce over aweek'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 loading rates. 
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Incorporate<:!Approvals Summary -­
1-800-348-9843 

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 ofwastewater 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 textile 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. Our AX20, rated at 500 gpd, successfully passed the NSF/ANSI Standard 40 
testing protocol for Class l 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 ofprincipal approvals and installations, arranged alphabetically by country and 
state or province, with contact names and phone numbers. 

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

Alaska: Awroval was given to the AdvanTex Treatment System by The Municipality ofAnchorage in 2002. 
AdvanTex is also recognized as a nitrogen-reducing system. 
Contact: Jim Jensen, Anchorage Tank, (907) 272-3543. 
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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 a12proved by several counties. 
Contact: Mary Clark, Orenco Systems, Inc., (802) 917-4746. 

North Carolin;1:Statewide approval as an innovative syste111 wa8given to the AdvanTex Treatment 
Systeni in 2005. AdvanTex is also recognized as a nitrogeiHeducing systeni. 
Contact: Steve Berkowitz, North Carolina Department of Environmental Health, Environmental Engineer, 
(919) 715-3271. 

Ohio: Statewide approval was given to the AdvanTex Treatment System in 2002, and this approval was 
reissued per the new regulations in 2007. Part of an EPA demonstration project, the first AdvanTex 
Treatment System was installed in Clermont County in early 1999. 
Contact: Rebecca Fugit, Ohio Department of Health, (614) 466-1390. 

Oregon: Statewide a12proval was given to the AdvanTex Treatment System in 2002. AdvanTex was 
recognized as a nitrogen-reducing system in 2007. 
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 also 
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 Carolina: South Carolina does not have a statewide advanced treatment system approvals process. The 
AdvanTex Treatment system is allowed to be designed and permitted as an engineered system. 
Contact: Eric Taylor, Orenco Systems, Inc., (800) 348-9843. 

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

Texas: Statewide approval was given to the AdvanTex Treatment System 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. 
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Soil, W.W, & !!nrir:ommnt Group, PllC 
3216 llyaa Drlve, Sumo B 
Raleigb. NC 'X!fH/ 
PM (919) 11'11-1234 • Fmt (919) 899-9100 • lmp:/~.mm 

Soil,Wara;&:lmironment 
Group 

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.: 
WQ0023896) 

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 

VII.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 I 00 feet. Please 
amend. 

Response: Table 4.1 on Page 4 amended to l 00 ft. setbacks. 

3. Section 5.2 on Page 8 makes not of having a Sodium Adsorption Ration (SAR) ofless 
than I 0. 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 of8.2 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. 

5. 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 III.5. were not provided. 

Response: Please note agronomic calculations are provided for annual loadings of 10.92 
in/yr. 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 IO and does not constitute an irrigation hazard or 
risk of soil damage. Excessive 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 

Soll, 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 I). 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 ofa 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 AnnJication Svstem Receiver Site, Orange Conn Y, NC. 

Soil acres11 
Area in/wk21 ond"''1" 1 Seasonal 

1 3.56 .21 2,896 No 
2 2.15 .21 1,749 No 

Design 
(SA 1 and SA2) 

4,645,md 5.71 * 4,645 No ,, 
Acreages account for setbacks from wate!Vlays, wetlands, streams, property Imes, dwellmgs, and water supply wells for a 4,645 

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

2011). 

] Based on a 7 day irrigation week. 
41 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 perfonnance and storage capacity limitations. Use of forest cover crop may result in 
higher than estimated transpiration and drainage rates. Operators at a minimum need the pennit flexibility to apply irrigation water at 

iv 

3



a rate high enough to sustain plant growth without causing runoff or ponding, \1/hich 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, 2011). 

Table 2: UNCBWWTF Land Application System Receiver Site Soil Areas, 
Associated Soils, and Existin" Ve.,etation. 

Predominant Soil 
Soil Area Series Existing Vegetation 

SA-I Geor~eville Grass, Mixed Pine/Hardwood 
SA-2 Herndon Grass 

Approximately 57 acres ofuplands 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 ofthe 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, 201 I) and local rainfall 
conditions. The receiver site investigated for this evaluation was approved by a 
nationally and state licensed soil scientist in North Carolina. It should be noted that soil 
systems are quite 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 ofa nationally and North 
Carolina licensed soil scientist (SWE Group, 2011), and reviewed for incorporation into 
the permit 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 ofthe 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 ofa land application irrigation system for the Bingham Facility 
receiver site. 
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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 (POTW s) can divert their treated effluent to land application. jrrigation 
receiver sites. Land applying wastewater or reclaimed water 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 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 ofthis evaluation was to determine the potential and suitability of selected 
receiver areas to receive treated irrigation water and use this information in the permitting 
ofthe 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). 
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4.0 Site Description 

The UNCBWWTF is located in Orange County near the town of White Cross in the 
Bingham Township offOrange Chapel Clover Garden Road (SR 1956) (Figure 1 ). The 
property consists ofseveral agricultural hay fields currently out ofproduction, 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 infrastructure, 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 ofthe 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 ofChewacla 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 ofpiedmont 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 fanned and now in 
pine forest vegetation. Soils in the lowland areas are typical offloodplain soils with 
periodic flooding and inundation characteristics, but very well drained adjacent to the 
water conveyance. 

The vegetation on the proposed forested land application areas consist ofupland 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 (Liquidambar 
styraciflua), sugar maple (Acer saccharum), Loblolly pine (Pinus (aeda), Shortleafpine 
(Pinus echinata), Virginia pine (Pinus virginiana), sassafras (Sassafras albidum), and 
other small understory woody species. Vegetation in the fields and open areas consist of 
a variety ofherbaceous grasses, forbs, and broadleaf species. Fields will either be kept 
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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. 

4.1 Wetlands, Streams, and Groundwater Wells: 

A field investigation ofthe receiver site revealed areas ofwetlands and drainage ways 
that have been delineated to avoid impacts from 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 JOO feet of surface waters not classified SA (shellfish waters), 
including jurisdictional wetlands. Groundwater wells have been located and buffered 
accordingly. Additional I 00 foot Jordan Lake buffers were also included in these 
setbacks on appropriate surface waters. 

4.2 Soils Investigation: 

A soils investigation was accomplished across the proposed receiver site. A series of3.5 
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 ofeach ofthe horizons, the color ofthe soil material at each of the 
various depths, the texture, structure, consistence ofthe soil material within each ofthe 
horizons, and depth to bedrock or other limiting horizon .. These augerings were also done 
to verify the boundaries ofmapping units indicated in the USDA soil survey for Orange 
County, NC (USDA GIS, 2010). Descriptions ofthe augerings are included in the 
Appendix (Appendix C: Soils Descriptions) and were utilized to make a field 
determination ofthe specific soil mapping unit and subsequent recommended hydraulic 
and liquid loadings. 

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 agricultural 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 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 specific saturated hydraulic conductivity (Ksat) measurements. 

Uplands and lowlands were examined for the potential for land application. Soils in the 
uplands are typical ofpiedmont Carolina Slate Belt series soils with silt loam textures, 
deep soils on side and toe slopes, shallow soils on ridges, and considerable variability 
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 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 ofChewacla loam soils. Soil Area I (SA!) 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. SA I 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 ofHerndon 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 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 3: UNCBWWTF Land Application System Receiver Site Soil Area 
Descrintions. 

Soil Area 
SA-I 

SA-2 

Predominant Soil 
Series 

Georneville 

Herndon 

Existing Vegetation 

Grass, Mixed Pine/Hardwood 

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 ofwastewater 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) 
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Table 4: Composite Soil Analysis ofUplands (N=22) at the UNCBWWTF 

Receiver Site, Oran!>e Count,•, NC (2010)1• 

p K Ca Mg 
Depth pH ppm ·ppm ppm ppm CEC 3 BS% 4 

(Index) 2 (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. 2.3 47.6 161.4 102.3 

5.1 (1.9) (24.3) (29.3) (18.6) 5.3 50.1 
Herndon 
0-6 in. 51.3 70.7 212.6 82.2 

4.7 (42.7) (36.1) (34.4) (13.1) 6.1 50.7 
6-12 in. 9.8 65.2 183.7 96.1 

5.0 (8.2) (33.3) (33.0) (16.8) 5.5 52.7 
' Laboratory Soll Test Reports (2010).
2 Index values reported by NCDA (2010) http://www.ncagr.com/agronomi/pdffiles/ustr.pdf
3 

Cation exchange capacity (meq/1 00g)- defined~ the amount ofcations adsorbed on soil~particle surfaces per unit mass of the soil 
under chemically neutral conditions. 
4 Base saturation-defined as the percentage of the CEC occupied 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 I and 2. Wastewater should not be applied at an instantaneous rate exceeding 0.5 
in/hr on Soil Area J 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, J969). However, these 
numbers are somewhat conservative given the acceptable range ofmaximum 
instantaneous loading rate for these soils and ideal site conditions and can be increased up 
to 50% under ideal conditions (Table 5). 

Table 5: TlVDICaIRanges ofS01 1 trat1on Rates biv S01·1 T. ·1 Infil exture and SIope. 
Basic Infiltration Rate'in/hr1

) 

Slove 
Texture 0-3% I 3-9% I 9+% 

( 
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Sands 1.0+ 0.7+ 0.5+ 

loamv 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 
sandv loams 
very fine sandy loam 0.3-0.7 0.2-0.5 0.15-0.3 
and silt loam 
sandy clay loam and 0.2-0.4 0.15-0.25 0.1-0.15 
siltv clav loam 
clay and siltv clav 0.1-0.2 0.1-0.15 <0.1 
Source: Sprmkler lmga!Ion Assocta!Ion, Spnnkler lmga!Ion (I 969) 
l, 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 (K,.,) 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 

Average Depth 
Soil Area Horizon {in,) cm/hr 1 in/hr* 

1 Bt 19.8 .08 0.034 
2 Bt 19.3 .07 0.033 

SAi& 
SA2 .033 .. 

UNCBWWTF Receiver Site 

I.} Based off Ksat data collected across the proJect site for each Soil Area (Appendix B - Saturated Hydrauhc Conduct1Vtty Data) 
($WE Group, 2010 and Edwin Andrews & Associates, 2010) 
*Water Balance conducted by Edwin Andrews and Associates, 2ci11. 
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Depending on zone layout and design it is recommended that some type ofautomated 
system be installed to allow efficient use ofvarying soil areas and irrigable areas. All 
irrigable soils (Figure 3 - Irrigable Soils Map) should be managed for irrigation 
according to antecedent rainfall and time ofyear to minimize ponding and runoff 
potential. 

5.2 Wastewater Characterization: 

The proposed secondary effluent irrigation water can be described as containing varying 
levels ofessential 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 ofwastewater and soils on the receiver site is 
recommended to ensure optimal performance of the proposed irrigation system. 
Irrigation water should have SAR values s 10 to avoid potential salting problems in the 
soil. Periodic application ofgypsum 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 ofnutrients 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). 

( 

( 

( 
8 



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

The estimated water balance calculations illustrate the amount ofwastewater 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 wa~tewater loadings and 
allow removal from storage. The drainage rate used is based on the K,at of the soils. In 
determining the wate.r balance, the percolation rate (Pw) was estimated to be 
conservatively, .04% ofK,a, for Soil Areas I 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 (K,a,) of the soils. This percolation rate is recommended 
for this system based on the potential accumulation oforganic matter and migration of 
fine soil particles during the operation of this system, as well as the time ofyear that 
saturated hydraulic conductivity measurements occurred. The K,at 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. · 

It should be noted that K,at 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 80th 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 
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analysis and crop productivity, and will enhance adjacent wetlands and low lying areas 
with increased base flow. Ifmanaged properly, the existing wastewater land application 
system will have no adverse impacts to groundwater supplies or surface water supplies. 
The addition ofwater and nutrients to the site will benefit wildlife through 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. 

Table 7: Soils, Irrigable Area, and Recommended Wastewater Loadings for the 
UNCBWWTFLandA r srnn 1cat1on system Rece1ver s·1te. 

Soil 
Area 

Predominant 
Soils 

11acres
fn/wk"' and'••l>J Seasonal 

1 Geor•eville . 3.56 .21 2,896 No 
2 

Desil!n * 
Herndon 
SAi &2 

2.15 
5.71 

.21 

.21 
1,749 
4,645 

No 
No 

!J 
Acreages account for setbacks from waterways,-wetland_s, streams, property Imes, dwellmgs, and water supply wells for a 4,645 

r- . . . 
Rate based on recommended application rates calculated by a comprehensive Water Balance Report (Edwin Andrews & Assoc., 

PC, 2010) and local wet rainfall year data. 
31 

Based on a 7 day irrigation week. 
41 

Recommended hydraulic loading over an elltire irrigation year including storage constraints. 
5] Inigation rate shown is the maximum that should be used in computing receiver site capacity unless or until a higher loading rate is 
shown tO he sus:tainable based on actual field perfonnance and storage capacity limitations. Use offorest cover crop may result in 
higher than estimated transpiration and drainage rates. Operators at aminimum need the pennit flexibility to apply irrigation water at 
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, 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 0.0 I in/hr for all Soil Areas. The most 
restrictive saturated hydraulic conductivities were determined in the Bt horizons ofall 
Soil Areas. 

According to the final Water Balance Report (Edwin Andrews & Assoc., PC, 2011) for 
the selected receiver site, existing soils and vegetation can accept maximum hydraulically 

( 

( 
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limited liquid loadings of 10.92 in/yr applied to Soil Areas I 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 specific 
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 ofwater to growing 
crops capable of producing large amounts ofbiomass 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. 
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Source: SWE. UNC. McKim & Creed GIS (2011) ,.._,. 
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Source: SWE. UNC. McK\m & Creed G!S (2011) ·4:,; 
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Ksat Data Sheet I 

' Plot Ksat-1 Conducted Rv: 

Location: Bin ham road ""'" 
Weather: sunnv Temn: 

Soil Serie$1Horizon: G,o !Wille Source ofWater: 

w "' ' • D Hi H" 

1/BI .. 3.0 10 " 15 .. 3.0 10 " 15 .. 3.0 10 " 15 .. 3.0 10 " IS 

" 3.0 10 " 15 

" 3.0 10 " 15 

" 3.0 10 " 15 

"'' " 3.0 10 109 15 

" ,., 10 10, 15 

" 
,. 10 '"' 15 

" 
,., fO '"' 15 

ht!= Hole depth (cm) 

,,, 
416/10 

75 

•• 

• dsur1 1-0N 

5 " " ... 
5 " " ... 
5 " " ,.. 
5 " " ,.. 
5 " " ... 
5 " " ... 
5 " " ... 
5 .. " 5 .. " 5 ,. .. 
5 .. " 

2-0N '""'• di 

" 
" 
" 
" 
" 
" 
" 

,.. .. ... .. ... .. ... .. 

- """Hf Mri TI MRI Tl AMR AT V CF (cn..-3/min) Q(cm
3/hJ Ksat{cmlh) (cmld} Kset(inlh) Ksat{inld) 

" IS 34,3 10:43:00 322 11:13:00 2.1 0:30:00 " " 1., 84.0 0.089 2.13 0.113 0.84 

" 15 322 11:13:00 31.0 11:43:00 12 0;30:00 " " o., 46.0 0.051 12, 0.ff2 0.48 

" 15 31.0 11:43:0 3"5 12,1a:oo 0.5 0:30:00 10 " 0.3 20.0 0,021 0.51 0.01 020 

" 15 30.5 12:13:00 29.5 12:43:00 1.0 0:30:00 " " 0.7 40.0 0.042 1.01 0.02 OAO 

" 15 29.5 12:43:00 28,5 13:13:00 1.0 0:30:00 " " 0.7 40.0 0.042 1.01 0.02 0.40 

" 15 28.5 13:13:00 27.5 13:43:00 1.0 0:30:00 " " 0.7 40.0 0.042 1.01 0.02 OAO 

43 15 27.5 13:43:00 '" 14:13:oo 1.0 0:30:00 20 " 0.7 40.0 0.042 1.01 OM 0.40 

0,0423 1.0141 0.1116& 0.3993 .. IS 3" 11:05:00 31.2 11'.50:00 ,., 0:4S:OO 160 105 3.7 224.0 0237 5.66 0"9 22• 

" 15 37.2 11:50:00 34.2 12:20:00 ,. 0:30:00 315 '" 10, 630.0 0.666 15.97 02, ,.,, .. 15 34.2 12;20:00 30.6 12:50:00 ,. 0:30:00 "' 105 12.6 756.0 0.799 19.17 0.31 7.55 

" 15 30.6 12:50:00 27.2 13:20:00 ,.. 0:30:00 357 '" 
,,. 714.0 0.754 18.10 0.30 7.13 

0.7321 17.5694 0,24 6 5.7992 
r =Radius of the hole (diaJ2) {cm) 
rs.= Distanee between refurence level end soil surface (cm) 
O = Ol$1ance from the hole bottom to the reference level (hd+1s) (cm) 
Hi"' Initial desired wamr depth (heed) m hole (cm) 
Hlr" Ratio ofhe11dtll radius ofhole (must be z 5) 
di = Constmt-head tube setting, initial d measured in hole (Ill " 0-Hi) (cm) - usually 1 cm leas then calculated di 
dsur; ,. Initial disll:111ce flom water swface to ground (hd - Hi) 
1-0N " 3-way vaNe turned to 1-0N (CF" 20, multlpfy CF limes t:,. MR to obtain volumi, of flow) 
2-0N " 3-way va!ve turned to 2-0N (CF " 105, m111tipl)' CF times A MR to obtain volume offlow) 
dsur1 =Final distance from water surface to 9'011nd (steady state) 
dt= Final d measl!fed in hole (dsur, + n;) (cm)~ should be v.ithln 1.2 cm cf di 
Hf• Final water depth !n hole {Hf,. D-df) {cm) 
MRi =Initial measuring reseivolr reading {cm) 
TI = lnilial lime to recoid mea!iUll!lg re&f>NG!I' !eve! drop {min.) 
MRI= FiMI measuring r"'"rvolt reading {cm) 
Tl= Fina! lime tc record measuring re,:il!l'Volr leYal drop (min.) 
A MR =Change In measutmg reseivolr level {~m) 
AT= Change in time fur measuring re"oervi:dr water drop (min.) 
V =ffoWvo!Ume {cm"J 



Ksat Data Sheet I 

' '"' Ksat-2 Canduc:te<I 8~: ,,, 
Locahon Bin ham - field/road Data: 416110 

Weather. SUM ,. " 
Sci! Sefills/Horizon· Go ScurceofWatar ,. 
fl,! "' ' " 0 "' "'' " dSU/; 1-0N ,-0N 

,ra, 
" ,.o " " " 5 " " "" 
" M " " " 5 " " ... 
" ,.o " " " 5 " " -, 
" ,o " " " 5 " " ... 
" ,o " " " ' " " ... 
" ,.o " " " ' " " ... 

me " ,.o " " " ' " " 
" '·" " 70 " 5 " " 
" ,.o " 70 " 5 " "., ,., 

" 70 " ' " "., ,.o " " " 5 55 " 
'" ,o '" 70 " 5 55 " '" ,.o '" " " 5 55 " 
'" ,.o '" 70 " 5 55 " 
'" ,.o '" '" " 5 55 " hd" Ho!a depth {em) 

r" Rild•IIS ol the hole {doaJ2) (cm) 

... ... ... ... 
"" ... 
.... ... 
.... 

dsur, " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" 55 

" 55 

55 

" 
55 

,,. 
"' "" " MR< " SMR " ' c, Q(cm'lmin) Q(cm3/h) Ksat(Cmlh) (cmld} Ks,)1/inlh) Ks.>l(in/d) 

" 36.3 11:05:00 3S.4 11:36:00 o., 0:30:00 " "' o., >S.O 0.038 0.91 0.01 O.>S 

" 3S.4 11:36:00 ,..., 12:06:00 0.7 0:30:00 " " 0.5 "·o o.,,,, 0.71 0.01 0.,, 

" 34.7 12:06:00 "·' 12:36:00 o.e 0:30:00 " " OA 24.0 ,.,,, 0.61 0.01 01< 

" "·' 12:36:00 ,,., 13:06:00 ,., 0:30:0ll " "' o., 24.0 0.025 0.61 0.01 02, 

" "·' 13:06:00 ""' 13:36:00 o., 0:30:00 " "' OA 24.0 0.025 o.e, 0.01 0.24 

" 32.9 13:36:00 "·' 14:06:00 ,., 0:30:00 " " OA 24.0 o.m 0.61 0.01 0.24 

0.0254 0.6085 0,0100 0.2398 

" ,,, 11:00:00 '" 11:45:00 o., 0:46:00 10.5 "' 02 14.0 0.015 0.35 0.01 0.14 

" 42.8 11:45:00 ,,, 12:15:00 o., 0:30:00 10.5 "" o., 21.0 o.m 0.53 0.01 0.21 

" 
.,, 12:15:00 '" 12:45:00 o., 0:30:00 10.5 '"' o., 21.0 0.0,, 0.53 0.01 0.21 

" "" 12:45:00 "·' 13:15:00 o., 0:30:00 31.5 '"' 
,., e,.o 0.067 '·"' 0.03 0.0, 

" 
,,, 13:15:00 41.9 13:45:00 0.4 0:30:00 " '"' 

,.. ....o 0.089 2.13 0.03 0'4 

" 41.9 13:45:00 24.9 8:57:00 17.0 16:48:00 "'' '"' 
,., 106.3 0.112 2.69 o... '·"' 

" 24.9 8:57:00 24.4 9:27:00 0.5 0;30:00 "·' '"' 
,, 105.0 0.111 ," o... 1.05 

" 24.4 9:27:00 m 10:07:00 ,.. 0:40:0ll " '"' '·' "·' 0.100 >40 o... o... 

" 24.4 10:07:00 "' 10:37:00 ,.. 0:30:00 " '"' ,., rn.o 0.133 3.19 0.05 u, 
o.1122 "' 

,..,, 1.0605 

rs"' DistanC11 between reference lava! and soil swf!lee (om) 
0 =Distance fnlm the hole bottom lo the reference level [hd+l$)(cm) 
HI " !nllial deilred water depth {l!ead) In hole (cm) 
H/r " Ratio of haad to tad;IIS of hole {mU$! bel:: SJ 
dl" Constant-head tube ~ailing, ln~lal d measured In hollt (di " 0-Hi) (cm)• 1/Sue!ly 1 cm kiss than eatcul!!lsd di 
dsur," Initial di&t:mee from watar $Urface to ground (hd • Hi} 
1..0N "3-w.oy valve b.lmed to 1-0N {CF "20, l!l!lltipty CF timeU MR ta obtain voluma el flow) 
2-0N "3-way valve turlll!d tu 2-0N {CF " 105, multiply CF times~ MR tu obtain volume of ffow) 
dwr," Fina! dtStance lrom watarsurta"" to ground {oteady state) 

df" Final d measured fn hole {dsur, + raj {cm)- shoukl be within 1·2 cm of di 
Hf. F;rutl watar de!)lh lo hok< (Hf" D-df) {cm) 
MRI e Initial measuring reservoir reading {cm) 
TI " Initial tone to ree<l<d measuri119 reservcir Ulvol drop [mln.J 
MRI"' Final m,,asuring renrvolf rea,:f,ng {cm) 
Tl= Final tima le record meas~ring f&fiervoif level d!op (min.) 
~MR" Change In mea$uri"ll re$&Mlif IW&I [cm) 
'1 T " Change in time !ermeasuring 1eseivoir watardrop {mln.) 
V"' ffowvoltime (cm3

) 



Ksat Data Sheet I 

Plot "'"' Conducted 

Location: a;naham - frnnl road Date: 

Weather: clou"'- Tem~: 

Soil Series/Horizon: "" Swrce of water: 

'"" "' ' • 0 H; 

t/81 " 3.0 " " " 
" ,.o " " " 
52 3.0 " " " 
" 3.0 " " " 
" 3.0 " " " 
" ,.o 10 " " 
" 3.0 " " " 
" ,.o " " " 

"" 

'" 
4123/10 

" • 
" dsur, ,-0N 

5 47 37 

5 47 37 

5 47 37 

5 47 37 

5 47 37 

5 47 37 

5 47 37 

5 47 37 

,-0N dsur, df 

.... 37 

"" 37 

"" 37 .... " .... " .... 37 

.... 37 

"" 37 

H< Ma TI MR< n '"" " V CF O{c1rh1runJ O(cmJ/hJ Ksat(cmlh) Ksat(cmld) Ksat (111/h) Ksat(lnld) 

47 " 
.,, 10:18:00 41.6 10:48:00 o., 0;30:00 ,05 ,., 1119.0 0200 4.79 0.011 1.89 

47 " 41.6 10:48:00 41.0 11:18:00 .. 0:30:00 105 ,., 126.0 0.133 3.19 0,05 "'' 
47 " 41.0 11:18:00 .,. 11:48:00 0.4 0:30:00 '" 

,.. 84.0 0.088 2.13 0.0, ,,. 
47 " 40.6 11:48:00 "'2 12:18:00 0.4 0:30:00 105 ,.. 84.0 0.088 2.13 0.03 0.84 

47 " 402 12:18:00 ,,. 12:48:00 o.s 0:30:00 S3 '"' ,., 12$.0 0.133 3.19 0.05 ,,, 
47 " 39.6 12:48:00 "·' 13:18:00 0.5 0:30:00 5>5 '" 

,.. 105.0 0.111 ,.. O.M 1.05 

47 " 39.1 1:18:00 3M 1:48:00 0.7 0:30:00 73.5 ,05 ,.5 147.0 0.155 3.73 0.06 1.47 

47 " 38.4 1:48:00 38.4 2:18:00 o.o 0:30:00 0 ,os o.o 0.0 0.000 o.oo 0.00 0.00 

0.1183 U1;'195 0-"'6 1,117S 

hd., Hole depth {cm) 
r =Radius of the hole {die.12) (cm) 
ro = Oi$tance between reference level and $<>ii surface (cm) 
0 "'Oistanca from the hole boltllm to tho reference level (hd+rs) (&m) 
HI =!nffial desired water deplh (head) !n hole {cm) 
Hlr,. Ratio of head to mtius of hole (muflt be l': 5) 
di= CoM!ant-head lllbe &elting, lnilial d measured in hole (di "' D-Hi) (cm) - u5ually 1 cm less than calculated di 
d!;ur1 =Jnttlal d!slanre from water 6utface to ground (hd- H~ 
1-0N =- 3-wayva!ve lllmed to 1-0N (CF= 20, multiply CF tllllll$& MR to obtain volume ofllaw) 
2-0N =3-'/fiYf valve turned ta 2:-0N (CF,. 105, multiply CF limes& MR to abtain valume of ffow) 
dsur1 " Final lfistance fl'Qm water surface to ground (steact, 61llle) 
df= Final d measured Ill hole {dsur1+ 18) (cm)-ahculd be v.ithin 1-2 cm cf d1 
Hf- Final water depth in hole (Hf= 0-dl) (,::mj 
MRI =Initial meaGtlring reservoir reading (cm) 
TI= Initial time to record measuring reservoir !eve! drop (min.} 
MRI= Ana! mea;uring relll!TWlt rt!ad!ng {cm) 
Tf= Final time to record measuring reservoir level drQp (min.) 
A MR =Change in measuring re:mvoir level (cm) 
AT " Change in time for measuring reservoir water drop (min.) 
V"' llawvo!ume (cm') 



Ksat Data Sheet 

Plot "'"" Conducted iw: 

location: Bi""llam,road Date: 

Weather: sllnnv Temo: 

Sol! Sertefi/Holimn: Ge shallo Sowce of Water: 

Plot "' ' • D H; HI, 

1181 47 3.0 10 51 15 

47 3.0 10 51 15 

47 3.0 10 51 15 

47 3.0 10 57 15 

47 3.0 10 57 15 

47 3.0 10 57 15 

47 3.0 10 57 15 

-hd - Hole depth (cm) 

,,, 
417"0 

75 

'" 
,; dsur1 1-0N 

5 42 32 

' 42 32 

5 42 32 

' 42 ,, 
5 42 32 

5 42 32 

5 42 32 

2-0N dsur1 

"" 32 

"" 32 

"" 32 

"" 32 

"" 32 

"" 32 

"" 32 

" H1 "" TI MR1 T1 SMR H V CF a (cm'lmin) O(cm3ih) Ksat(cm'h) Ksat (cmld) Ksat{inlh) Ksat(lntd) 

42 15 36.0 9:40:00 35.5 10:10:00 0.5 0:30:00 52.5 105 1.8 105.0 0.111 2.66 0.04 1.05 

42 15 35.5 10:10:00 34.9 10:Stl:OO 0.6 0:40;00 " 105 1.6 84.5 0.100 '·"" 0.04 0.84 

42 15 34.9 10:50:00 34.4 11:20:00 05 0;30:00 52.5 105 1.8 105.0 0.111 2.66 0.04 1.05 

42 15 34.4 11:20:0ll 34.0 11:SO:OO M 0:30:00 42 105 1.4 84.0 0.089 2.13 0.03 0.84 

42 15 34.0 11:50:00 33.6 12:20:00 0.4 0;30:00 42 105 1.4 84.0 0.089 2.13 0.03 0.84 

42 15 33.6 12:20:00 332 12:50:00 0.4 0:30:00 42 105 1.4 84.0 0.089 2.13 0.03 0.84 

42 15 332 12:50:00 ,,. 13:20:00 0.4 0:30:00 42 105 1.4 84.0 0.069 2.13 0.03 0.84 

0.0887 2.1296 0.0349 0.8384 

r = Radlus of tho. hole (dia.12) (em) 
rs = Distance betwoon refe1enc& level and so!l surface (cm} 
0 = Ol&tanee from the hole bottom lo !hit reference level (hd+ra) (cm) 
Hi = tnlllal desired water depth (head) !n hole (cm) 
Hlr =Ratio of head to radius of hole (must be ;,: 5) 
di =Constant-head tube setting, initial d measured in hole (di _,, o-Hl) (cm) • usualy 1 cm 185$ lhan ca!eulatod di 
dsur, =Initial distal!OO from water sulface to ground (hd ~ Hl} 

1-0N =3-way valve lumed to 1-0N (Cf' "20, mu!liply Cf' times t,. MR Ill obtaln volume of flow) 
2-0N "' 3-way valve turned to 2-0N (Cf'= 105, multiply CF times t,. MR to obtain volume of flow) 
dsur1" Alli!! D!Stanco ftom water surface to ground (steady stato) 
df., final d measured in hola (dllur1+ rs) {cm). should be Within 1·2 cm ofdi 
Hf. Anal water depth In h'11a (Hf= ().di) (cm) 
MRl ,. Initial measuring reseNoir reading (cm) 
ii ,. Initial time to record measu!lng rese1VC1ir level drop (lrin.) 
MRf = Fina! measuring ieseNoir reading (cm) 
Tf = Fina! time to reco1d measuring reseivoir level drop (min.) 
t. MR =Change in measuring r6Sl!Nolr !we! (cm) 
t. T =Change in time for meastmr,g reseivoir water drop (min.) 
V = flow volume (cm3} 



Ksat Data Sheet 

Plot ,.,,., Conducted B : 

Location: Biii;;;;am road Date: 

Weather: sunrF Temn: 

Soil Sefies/Horilnn: cl!owbrov.n Herndon Souroe of water: 

"" "' ' • 0 " "" 
1'11t 40 ,.o 10 so 15 

40 3.0 10 so 15 

40 3.0 10 50 15 

40 3.0 10 50 15 

40 3.0 10 50 15 

40 ,.o 10 50 IS 

40 ,.o 10 50 15 

40 ,.o 10 50 15 

SJF 

/12110 

60 

"" 
• dsur; 1-0N 

' " 2S 

5 35 2S 

5 35 25 

5 35 25 

5 35 25 

5 " 25 

5 " 2S 

5 " 25 

2-0N d$11r1 ~ 

.... " 
"" 25 

"" " .. 2S 

.... 2S 

.... 2S 

"" 25 

"" 2S 

HI Mti TI MRI Tl >MR H V " Q(cm~lm'in) Q(cm'lhJ Kut(crrvh) Ksat (cm.Id) Ksat(lnlh) Ksal{in/d} 

" 15 46.0 10:00:00 ..., 10:30:00 " 0:30:00 157.5 10, ., 315.0 0.333 ,.,, 0.13 3.14 

" 15 ..., 10:30:00 43.4 11:00:00 1.1 0:30.110 115.5 10, ,. 231.0 02., '·" 0.10 ,,, 

" 15 43.4 11:00:00 .,, 11:30:00 I.I 0:30:00 115.5 10, ,. 231.0 024< '·" 0.10 ,,, 

" 15 42.3 11:30:00 41.6 12:00:00 0.7 0:30:00 73,5 105 ,., 147.0 0.155 3.73 0.06 1.47 

35 15 38,9 12:20:00 36.0 

~ 
0:30:00 94.5 105 32 189.0 0.200 4.79 0.08 1.89 

" IS 38.0 12:50:00 37.3 0:30:00 735 105 ,. 147.0 0.155 3.73 0.06 1.47 

35 IS 37.3 13:20:00 36,6 0:30:00 73.5 105 ,., 147.0 0,155 '·" 0.06 1.47 

35 15 "' 13:50:00 35.9 0:30:00 TI.5 105 ,. 147.0 0.155 ,.,, 0.06 1.4714.20.00 0.7 

0,15&3 3,7268 0.0611 um 
hd--Hole depth {cm) 
r =Radius of the hole (dlaJ2) (cm) 
rs = Oil;tllnce between rnftireru::e level and soll sutfiu:e (cm) 
O =Distance flom the hole bottom to the niference level (hd+Ts) (cm) 
Hi = Initial desired water depth (head) in hole (cm) 
1-1/r = Ratio of head to radius of hole (must be~ 5) 
di= Com;la!rt41eed tube setting, initial d measured in hole (di =0-Hi) (cm) • usually 1 cm less than calculated di 
dsur1 = lnllial diiltance from watersu!face to g.oll!ld (hd • H~ 
1.0N =3-wlf'/ valve turned to 1-0N (CF = 20, n'll!ltiply CF limes A MR to obtain volume of !low) 
2.0N =3.way va!Ve turned IQ 2-0N {CF = 105, muttiply CF til!le$A MR to obtam volume of flow) 
dsur, =Final di&tl!m;e from water sutfa.;e IQ grcund (steady l!lale) 

di= Final d l!lell$Ured!n hole (dsur1+ !$) (cm) •Shoukl be ~In 1·2 cm ofdi 
Hf. Fina! water depth in hole (Hf= 0-df) (cm) 
MRI =!nllial measuring reservoir reading (cm) 
Ti = Initial time to re~«t measuring reservoir level drop (m!n,) 
MRf= Final menuring rese:voir mu:ling (cm) 
Tf= Final time to record measuring rese,voir level drop (min.) 
d MR ,. Change in measuring reservoir level {cm) 
d T =Change in time fur measU!lng re&ervolr water dfop (min.) 
V =flow volume (cm) 



Ksat Data Sheet I 

'Plot Ksat-6 Conduc!ad BY: u 
LQ,;alk>n: Blnoham, road Date: 4112/10 

Wealhe1: w Teu~: " 
SoB Sefies/Horizon: fw.bm. Herndon ,, Source of Water: • 

""' "' ' " D " "" • dsur, ,-0N ,-0N 

1/Bt " ,., 
" " " 

" ,., " ... " 54 ,., " " " 54 ,., " " " 
" ,., " " " 
" ,., 

" " " 
ru:f..,, Hole deplh (cm} 

' 49 " 
' 49 39 

5 49 39 

5 49 39 

5 49 39 

5 49 39 

"' 
"" 
"" 
"" 
"" 
"" 

" 
Q (cm311'1)1Ksat(cmlh)dsur, M "' "" Ti MRf Ti '"" oT V CF {cm3/min) Ksat(emr'd) Kllat(Wh) Ksal (!n/d) 

39 49 " 44.3 10:15:00 43.B 10:45:00 ,., 0:30:00 '" "' 
,., 105.0 0.111 '·" 0.04 1.05 

39 49 " 43.8 10:45:00 ,,.. 11:15:00 ... 0:30:00 " "" u 84.0 0.089 2.13 '·" '·" 39 49 " 43A 11:15:00 .,, 11:45:00 i·-··· 21 "' 
,., "·' ,..... 1.06 0.02 0.42 

39 49 " 
,,, 11:45:00 "·' 12:15:00 0:Jll:00 21 "' 0.1 42.0 0.044 ,.,. 0.02 0.42 

39 49 " "·' 12:15:00 42.S 12:45:00 0:30:00 21 "' ,., .,. 0.044 '-" ,., 0.42 

" 49 " 
.,, 12:45:00 42.6 13:15:00 0:30:00 21 "' ,., 42.0 0.044 ,.,. '·" 1:1.42 ,_ 

'"'" 0.017.!i 0.4192 

f"' Radii!& of!he holt> (diaJ2) (cm) 
rs =Dislllnca batw,,en reference level and soil suml,;,,, l=} 
D"' Olslance from the hole bottom to 1ha reference level (hd+1s) (em) 
HI• lllltial dfllllred WIiler depth (head) in hole (cm) 
H/r =Ratio of head Wradius ol l\Ole (must be l':c 5) 
di =Col!Stant-head tuba setting, !nllla1 d measllflld 1!11\0le {di = 0-HI) (cm) • usually 1 cm 18$8 than ca!cu!ared di 
dsurJ • lnllial distance frll_m warer surface to ground CM• HI) 
1-0N,. 3-way vahte Wrned W 1-0N (CF = 20, multiply CF lime,, A MR to obtain volume otllw,) 
2-0N =3-wayval-ie !limed to 2-0N {CF= 105, multiply CF times A MR to obtain volume of flow) 
dsut, = Final distance from water surface to grcund (staady state) 
df= Fina! d measut<1d In ho1<1 (dsur, +rs) (cm) • should be v.ilhin 1·2 cm of di 
Hf• Fina! watar dllpth in hole (Hf= Q.d1) {cm) 
MRI "' Initial measuring reseivoir reading (cm) 
Tl = Initial time 1D rec(lfd measuring reservoir level drop (min.) 
MRf = Flna! !1'18811-urlng re$llJVOlt reading (cm) 
Tl" Final time to record measuring r<1Servolr level drop (mkl.) 
A MR =Change !n measuring reseivoir level (cm) 
AT "Change 1n time for measuring reservoir water drop (min.) 
V= ffowvolume (cm1 



Ksat Data Sheet 

Plot Ksat-7 Conducted Bu: SJF 

Location: B!~am.orad Date: 4/23/10 

Weather: Clou...., r, " 
Soll Serie&ll-lorizon: Go Source ofwater: • 

™ hd ' " D ffi HI, ,; dsur, MN 2-0N 

1/Bt " ,.o 10 48 15 

" 3.0 10 411 15 

" 3.0 10 48 15 

" 3.0 10 48 15 

" 3.0 10 411 15 

" 3.0 10 411 15 

" 3.0 10 48 15 

" 3.0 10 48 15 
hd " Ho!8 depth {cm) 

5 33 " 5 " " 
5 33 " 
5 33 " 
5 33 " 
5 33 23 

5 33 " 
5 " 23 

"~ 
"~ 

"~ 

"~ 

"~ 

"~ 

"00 

"00 

dsur1 df 

" 
" 
23 

" 
" 
" 
" 
" 

-HI Mri 11 MRI Tl &MR AT V CF Q {cm3/mfn) Q (cm3lh) Ksat(cm/h) '""~ Ksa! (lnlh) Ksat (lnki) 

33 15 .,. 10:08:00 4'.5 10:38:00 1.4 0:30:00 147 105 .. "'" 0.311 7A5 0.12 w 

33 15 .., 10:3B:00 43.5 11:06:00 1.0 0:30:00 105 105 3.5 210.0 o= 5.32 0.09 2.10 

33 15 4s, 11:09:00 43.1 11:38:00 0.4 0'.30:00 " 105 1.4 84.0 0.089 2.13 0.0, 0.84 

33 15 43.1 11;38:00 42.6 12:0B:00 0.5 0:30:00 m 105 1.8 105.0 0.111 '·" 0.04 1.05 

33 15 428 12:08:00 41,8 12:38:00 0.8 0:30:00 84 105 28 168.0 0.177 426 0,07 1.68 

" 15 41.6 12:38:00 4U 13:08:00 0.5 0:30:00 52.5 105 1.8 105.0 0.111 2.66 0.04 1.05 

" 15 41.3 1:06:00 40.8 1:38:00 0.5 0:30:00 525 105 1.8 105.0 0.111 2.66 0.04 1.05 

33 15 40.8 1:38:00 400 2:llB:00 0.5 0:30:00 52.5 105 1.8 105.0 0.111 2.65 0.04 1"5 
0.1189 ,., 0.114 1.05 

r = Rad!us of the hole {dla.12) (cm) 
rs = Distance betwaen reference level and soil surface (cm) 
D" Distance fmm the hole bottomtc too referern:e lave! (hd+ra) (cm) 
Hi = Initial desired water depth (head) in hole (cm) 
HIT= Rst!o of head lo radius of ho!a {must be ;?. 5) 
di"' Constant-head tube setting, initial d measured !n tiole (di ., D-Hi) (cm) - usually 1 ,;m fess than calculated di 
dsur, =Initial distance from wat.lr sulfate to ground (hd - HQ 
1-0N =3-way valve turned to 1-0N (CF " 20, multiply CF times D. MR to obteln volume of flow) 
2-0N ,. 3->Nay valve turned lo 2-0N (CF : 105, multiply CF tlmas D. MR lo ob!ain volume offlow) 
dsur, =Final dlstanee from water surfaee to ground (steady stale) 

df,. Final d mea:;ured in hole (dsur1+ ra) (cm) • shtmld be within 1-;? cm ofdl 
HI• Flnat watardepth in hole {Hf"' D-df) (cm) 
MRl = Initial measuring reseivolr reading (cm) 
1i =Initial limo lo record measuring reservoir level dmp (min,) 
MRI= Anal measuring reseivolr reading (,:;m) 
Tf,. Flnaltlme to recard measuring reseIVolr laVel drop (min.) 
A MR "'Cheng& in measuring reseivoir level (cm) 
AT= Change in time for measuring reseivoirweter drop (min.) 
v= now volume (cm3) 



Ksat Data Sheet I 

' Plot Ksat-8 Coodu::ted DV. 

Loi::atlon: ham,Newslle Date: 

Weather: sumw Tern: 

Soll Setiee/Hor@n: Pacolet s0111eeofWater. 

"" "' ' " D "' "" 
""' " ,.o 11 " " 

" ,.o 11 " 15 

" ,.o 11 " 15 

" ,.o 11 58 15 

hd" Hole eta thp (em) 
r" RadruG oflhe hofe (d<a.12)(cm) 

"" 
4113110 

65 

@O 

" dsur, '-ON 

5 " " 5 " " 5 " " 
5 " " 

2-0N dsur, ~ "' Mii r; MR< r, .., AT V ce Q(em3/m;n) Q{cm3/hl Ksat{cmlh) Ksat(cll'ld) Ksal(inlh ) Kl!at(in/tl) 

"00 " " " 41.1 10:07:00 "'·' 10:40:00 o., 0:33:00 31.5 105 1.0 57.3 0.061 1'5 0.02 0.57 
•oo " " 15 40.8 10:40:00 40.5 11:10:00 o., 0:30:00 31.5 105 1.D 63.0 0,067 1.60 om 0.63 
,oo " " " 40.5 11:10:00 40.2 11:40:00 o., 0:30:00 31.5 105 1.0 ... o 0.067 1.,0 0.03 0.0, 
,oo " " 15 40.2 11:40:00 39.9 12:10:00 o., 0:30:00 31.5 105 1.1 63.0 0.067 1.60 0.0, 0.0, 

""' 1...., ""' 0.6145 

rs "' Distance belw-een reference level end so~ surface (em) 
D " Distance from the hoJe bottom to the refereooe level (helm) (em) 
Hi" Initial desired water depth (head) in hole {cm) 
Hlr"' Ratio of hll!ld to radlus of hole (must be a 5) 
di =Cor;;tant-head tube $ailing, initial d measured In ho" (di = D-Hi) (cm) - usually 1 cm tees than calculated di 
d$11r, = Initial diGtance from water ~urface to grolll'ld (hd - Hi) 
1.0N =3-way vaNe turned to 1.0N (CF= 20. multiply CF limes A MR to obtain volume ofllow) 
2-0N =3-w..y vat,,e turned to 2-0N (CF = 105. multiply CF timesA MR to obtain volume of f!ow) 
d!lur,= Flnal distance from waler surrae= lo ground (steady 613teJ 

dt =Final d measured in hllle {d61111+ w} (em) - sluwkl be willlln 1.2 cm of di 
Hf~ Final water depth In hole (Hf= Q.dl) (cm) 
MRi =Initial measu!l!\g 11!$&1VOlr reading {cm) 
Ti= Initial lime to «:,<;Oltl measu!l!\g reseivcir lt!Vel drop {min.) 
MRf =Final measuring reseivoir read;ng {cm) 
Tf= Anal time to record me!l!luring telle/VOlr !e-YeJ dtop (min.) 
A MR =Change ill measuring 1eseivolr level {cm) 
AT= Change in time fur measufil'lg reseivolrwater drop {min.) 
V=flowvotume(em') 



Ksat Data Sheet 

Plot Kwt•9 Condueled=: ""' 
Location: Sin<>11am New site Oate: 4113110 

Weather: w Tem~: " 
Soi Serie$1HorlZ0n: Pacolet Source ofl/Vater: "" 

"" hd ' " D HI Hh • dsu1, ,.oN 2-0N 

118! 42 3.0 " " " 
42 3.0 " " " 
42 3.0 " " " 
42 3.0 " " " 

' 37 27 

5 37 27 

' 37 27 

5 37 27 

.... 

.... 
"" .... 

dsur, 

" 
" 
27 

27 

w 

• Hf "' Tl MRI Tl oMR " V c, {cm3/minJ Q(cm3lil) Ksat(cmth) K,.et((;ffl(d) Ksat(mlh) Ksat (mfd} 

37 " «.o 10:27:00 "·' 11:00:00 0.3 0:33:00 31.5 "' ,.o 57.3 0.061 1.45 0.02 0.57 

37 " 43.7 11:00:00 43.3 11:30:00 o., 0;30:00 42 '" ,.. M.O 0.089 2.13 0.03 0.84 

37 " 43,3 11:30:00 42.9 12:00;00 o., 0:30:00 42 '" 1.4 84.0 0.089 2.13 0.03 O>< 

37 " 42,9 12:00:00 42.5 12:30:00 o., 0:30:00 ., '" 1.4 ... 0.089 2.13 0.03 0.84 

0.0887 2.1298 Q,0149 0.8384 

lld" Hole depth (cm) 
r = Ralfius ollhe hole (die.12) {cm) 
r&"' Distance between reference level and soil surlaoe (,:m) 
D = Di.lance frQm the hole bottom to the reference level (hd+1s} (cm) 
Hi = lni~a! deslred water depth (head) it! ho!e (cm) 
Hfr = Ratio of head to rndius of hole (must be ;. 5) 
di = Constant-head tube setting, initial d measured in hole (di " 0-Hi) (cm) - usually 1 cm less than calculated di 
dsur1,. Initial distance flam water surlace to grolllld (hd. H~ 
1-0N = 3.way vaive tu med to 1-0N (CF :::.20, multiply CF times t, MR to obtain volume offloW) 
2-0N = 3-way vallle turned to 2-0N (CF " 105, multiply CF times t, MR to obtain volume offloW) 
d$ur1,. Final di61ance from water surface to wound (steady slate) 
df= Fma! d iooa6ured f!l hole (dsar, + rs} (cm) • should be v.ilhin 1·2 cm of di 

Hf. Fina! water depth in hole (Hf= Q..dl} (cm) 
MRi = Initial measuring reservoir reading (cm) 
n=!nlllal time to record measuring reservoir level drop (mln.J 
MRf=Final measuring rese1'Vtlit readin.i (cm) 
Tf=Fina! time to record mell$uring reservoir level drQp (min.) 
t, MR= Change !n rMIISUting reaervoit!evcl (cm) 
t, T =Change in time lor me11Guring r8'lervoir water drop (min.) 
V"ft<>wvolume(cm3J 



Ksat Data Sheet I 

'Plot: Ksat-10 Condllck<!Sv: "' 
LocaUon: Binffham. newslle Dale: 4/13lt0 

weather: sunn Temi,: 65 

Soil Series/Horizon: Pacolet source of water: •• ... M ' " D "' "" " dsw-, ,-ON ,-0N 

'"' " 3.0 10 51 " 
" 3.0 10 " " 
" 3.0 " 51 " 
" 3.0 " 51 15 

" 3.0 " 51 " .hd Hele deplh(cm) 

' 36 26 

' 36 26 

' 36 " 
5 36 26 

' 36 26 

... ... 
,.. 
"' ,.. 

dsur, 

26 

26 

26 

26 

26 

" "' "' 
,, 

""' " AMR ., V c, (cm¾mlrt} Q {cm3/h)IKaot (cmlh) Ksat (cmld) Ksat{ln/h) Kaat(irt/d) 

36 " ... 10:38:00 "·' 11:15:00 u 0:37:00 115.5 105 3., 187.3 0.198 4.75 0.08 1.87 

36 " "·' 11:15:llO 4'2 11:45:00 0.6 0:30;00 63 "' ,., 126.0 0.133 3.19 0.05 · ,.,, 
" " 4'2 11:45:00 43' 12:15;00 0.3 0:30:00 31.5 "' ,., 63.0 0.057 1.60 0.03 0.63 

" " "·' 12:15:00 43£ 12:45:00 0.3 0:3ll:O0 31.5 '" 1.0 63.0 0.067 1.60 0.03 0.63 

36 " .,. 12;45;00 43> 13:15:00 0.3 0:30:00 31.5 105 1.1 63.0 0.067 1,0 O.o3 0£3 

o.... U!m ,.,., 0.6288 

r= Radius of the hole (diaJ2) (cm) 
rs = Distance between refe1em:e level and aoil surface (cm) 
O =Dl$bmCe from the ho!e bottom to Ille reference level (hd-!n) (em) 
H! " lnlt!al d!>Slr=d water depth {head) In hole (cm) 
H/r = Ratil) of head to ratwS uf hole (ml.tilt be ll: 5) 
dl "'Constant-head tube 5etting, initial d measured In hole {di = D-HI) (cm) • usuany 1 cm less tllan calculated di 
dsur1 = Initial disbmce from water Gurlace to ground (hd • Hi} 
1-0N =3-wayvalvetumedto 1-0N {CF= 20, multiply CF times A MR lo obtain volume offiow) 
2-0N = 3-way vahtetumedto 2-0N (CF= 105, multiply CFtimet A MR lo obtain volume offfow) 
daur1,. Final dletan,;e from water surface to ground (steady slate) 

di., Flna! d me.mired in hole (ds11I1+ ra) (cm). should be v.tthin H? cm of di 
Hf. Final water depth In hole (Hf,. D-dl) (cm) 
MRI., lllilial measuring reseivolr re.od!rlg (cm) 
Ti =Initial tima to tee0td meawrlllg omervoir lavel drop {min.) 
MRf= Fina! measuring reseivoir reading (cm) 
Tf =Final time to teowrd me11Swing raseivoir level drop (mill.) 
A MR= Cha!lge ill meaaU/lng rei:;eNoir tavel (cm) 
t. T =Changa in tilil!I fllr mae,:;uling reservoir walttr drop (min.) 
V=J!Qwvolume{cm) 



Ksat Data Sheet I 

' Plot Kwt-11 Conducted RII: ,,, 
Location: behind hU"" house Oa!e: 4/13/10 

Weather: suii= Temo: " 
soa Series/Horizon: enowbrovm transition Source of Water: .. 
""' "' ' " 0 HJ HJ, • ,.w, >-ON 2-0N 

t/StorBc? " 3.0 " n 15 

" 3.0 " n 15 

" 3.0 " 72 15 

" 3.0 " 72 15 

" 3.0 " n 15 

" 3.0 10 n " 

5 57 " 
5 57 " 
5 57 " 
5 57 " 
5 57 " 
5 57 " 

.... 
"" 
"" .... 
.... 
.... 

dsur, 

" 
" 
" 
" 
" 
" 

" 
fil "' Mo r; MRI Tl &MR AT V CF (cm3Imin) Q(cm3lh) Ksat(cmlh) Kset(cm.'d) Ksat (inlh) Ksat(ln/d} 

57 15 36.7 12:30:00 36.3 13:05:00 o., 0:35:00 " '" 
,, n.o 0,076 1.8:J 0'3 0.72 

57 15 "" 13:05:00 3'2 13:35:00 o., 0:30:00 10.5 "' 0.3 21.0 O.OZ! 0'3 ,., 0.21 

57 15 3'2 13:35:00 36.1 14:05:00 o., 0:30:00 10.5 '" o., 21.0 o.on 0.53 0.01 0.21 

57 15 36.\ 14:05;00 36.0 14:35:00 o., 0:30:00 10.5 '" o., 21.0 0.o22 0.5' 0.01 0.21 

57 15 3M 14:35:00 35' 15:05:00 02 0:30:00 21 '" 0.7 42.0 0.044 1.06 0.02 0.42 

57 " 35.8 15:05:00 35.7 15:35:00 o., 0:30:00 10.5 "' o, 21.0 0.022 "' 0.01 0.21 

0.0266 0,63&9 0.0106 0.2515 

hd,. Hole depth (cm) 
f"' Radius of the h0fe (dia12) (cm) 
ra = Distance between refimmce level and soil surface (cm) 
O =Distance from !he hole bottom to the reference level (hd+1s) (cm) 
Hi ""Initial desired water depth (head) in hole (cm) 
Hlr = Ratio of head lo radius ofhole (must be _. 5) 
di =Constant.tiead tube setting, initial d meHu1ad in hole (di " 0-Hi) (cm) - usually I cm less than calculated di 
dsurI= Initial distance from walenulface to ground {hd • Hij 
1-0N" 3-wayvaltle tum11dlo 1-0N (CF "'20, multiply CF times t,, MR lo obtain volume offlow) 
2-0N "' 3-way valve turned to 2-0N (CF = 111S, muftlp!y CF times A MR to obtain volume of flow) 
dsur," Final distance from water surface to ground (steady state) 
df= Fmal d measured In hole {dsur,+ra) (cm) -should be within 1-2 cm ofdl 
Hf- Final water deplh In hole {Hf= D-df) {cm) 
MRI "' Initial measuting reservoir feadlng {cm) 
n = Initial time to rl)1:Qrd measuring reservoir !eve! drop (min,) 
MRf" Flnal mem.uling rm.ervoir reading (cm) 
Tf-= Final time to record mem.uling roaervo!r level drop (min.) 
A MR ,. Cllange In measullng reservoir hwel {cm) 
A T ,. Change in time for measuring reservo!r water drop (min.) 
V" flow volume (cm3) 



Ksat Data Sheet 
Plot: Ksat-12 Conduelitd 

location: behind la '" °"'' 'Weather: sunnv ' Temi,: 

'Soi! Seri(ll)/Holizon: Btllk vellow J:irown, lmnsttion Source of Water: 

... " ' " D Hi 

1/Bl or Be? " ,.o " " 
" 3.0 " " 
" 3.0 " " 
" 3.0 " " 
" 

,. 
" " 

hd=H!eo (iepth (cm) 
r= Radius of the hole (dla.12) (cm) 

Hk 

" 
" 
" 15 

" 

s,, 

4/13110 

" 
• 
• ..., 1-0N 

' " " 
' 53 ., 
' 53 '3 

' 53 '3 

' 53 '3 

,.oN dsur, 

·- " ·~ ., 
" ·~ '3 

~, '3 

~ Hf "' TI MRf n AMR AT V c, Q(cm'lmln) Q (cm'lh)IKsat(cmlh) K,;aj (emld) Ksat(!nlh) K,;at [mid) 

53 " "·' 12:50:00 ,,, 13:20:00 OS 0;30:00 31.S "' 1.1 63.0 0.067 1.60 om 0.63 

53 " 39.3 1:20:00 39.1 1:50:00 02 0:30:00 " "' 0.7 42.0 O.fl44 1.06 0.1'.12 0.42 
53 " 39.1 1:50:00 38.8 2:21l:00 ,, 0:30:00 31.S "' 1.1 63.0 0.067 '" 0.03 O»S 

" " 38.8 2:20:00 '8A 2:50:00 0.4 0:30:00 42 "' 1.4 au 0.089 2.13 0.03 0.84 

53 15 38.4 2:50;00 38.D 3:20:00 OA 0:30:00 42 105 1A 84.0 0.089 2.13 0-03 0.84 

0.0813 u- 0.0320 0,1f;S6 

m =D!slllnce between refernnes tewfll and &oil surface (cm) 
O = Distance ftom the hole botwm to the ,efllrence level (hd+m) {cm) 
HI " lfllt!al dlltl!red 'Miter depth (he:a(i) ln hole (cm) 
Hlr =Ratio of lu!ad to 111dlu$ ofhole (must be .;i, 5) 
di= ConatanHiead tube setting, !nilial d measwed in hole (di= 0-Hi) (cm). w;ually 1 cm less than calw!ll.ted di 
dsur, = Initial distance from water surface to ground (hd. Hi} 

1..0N ,, a-way valve turned to 1-0N {CF,. 20, multiply CF times A MR to tlblaln volume of flow) 
2-0N = a-way wive lllmad to 2-0N (CF= 105, multiply CF time&A MR to obtain volume offfoW) 
d6ur1=Fina! d!&lance from water swtace to ground (steady slate) 
df,. Final d meuured In hole (dsur, + ra) (cm) • should be IIJ!lhln 1·2 cm ofdi 
Hf. F!nal water depth In hole {Hf,. P-d1) {cm) 
MRI " In~ measuring reaeJVoir reading {cm) 
TI= Initial time to record measuring reseivolr level drop (min,) 
MIU= Final measuring f6$e1Vtllr reading (cm) 
Tl= Final time to reeo1d measuring reservoir level drop (min.) 
A MR= Change In measuring rll$e!Volr level (cm) 
AT= Change In time for measuring reservoir water drllp (nin.) 
V= flowvolume (cm3

) 



Ksat Data Sheet I 

' Plot Ksat,.13 ConductudRI<: 

Localion: actoS& weHand,; Date: 

Weather: "" " 
Soil Series/Horizon: Bl/Be veUow brown red mottles Source of Water: 

,.. 
" ' • 0 ffi "" 

1/Btoree 41 ,., " " 15 

" 
,., " " 15 

" ,., " " 15 

" '·' " 53 15 

.hd 

,,, 
4113110 

" 
"" 

,, d!lur1 1-0N 

5 " " 5 38 " 5 " " 5 38 " 

,-0N di!ur, 

"' " 
"" " w, " 
"" " 

~ H1 "' TI MRI n oMR H V CF Q{cm3/min) Q(cm°lh) Ksat (cmlh) Ksat(cmtd) Ksat(inlh) K,;at (lnld) 

" 15 40.5 1:40:00 40.1 2:10:00 ,., 0:30:00 " 105 '-' 84.0 0.0&9 2.13 '·" 0Jl4 

38 15 4'.1 2:10:00 40.0 2:40:t!O 0.1 0:30:00 10.5 105 ,.. 21.0 0,022 ,,, 0.01 021 

38 15 4M 2:40:00 39.9 3:10:00 01 0:30:1)1) 10,S 105 . 0.4 21.0 '·"' 0.53 0.01 021 

" 15 39.9 3:10:00 39.8 3:40:00 0.1 0:30:00 10.5 105 ,.• 21.0 '·"' 0.53 0.01 '21 

0.0222 0.5324 0.0087 O.ll:IS& 
H<llc depth (<llll) 

r =Racfrus of the hole (<ia.12) (cm) 
m "' Distance between reference level and so~ surl'lloo (cm) 
0 = Distance from the hole bo\tQm to !he reference !avet {hd+rs) {cm) 
Hi = Initial desired water depth (head) in hole (<llll) 
Hlr,. Ratio of head to red;us of hole (must be~ 5) 
di "Constant-head tube setting, initial d measured ln hole (di= 0-tii) (cm) • usuatly" 1 cm less than ca!<::ulaled di 
dsur,"' Initial distance kom water surface to ground (hd • Hi) 

1-0N = J.way valve turned to 1-0N (CF ,. 20, multiply CF limes A MR lo obtain volume of flow) 
Z·ON" ~ valve turned lo 2-0N (CF "' 105, multiply CF limes/J. MR to obtain volume ofllow) 
di!ur, = Final distance from water swface to ground (steady a!Bte) 

df"' Anal d llll!8$11red ln hole {dour,+ rs) (om)-sho11ld be 'Mthin 1-2 cm of d! 
Hf- Filla] waler depth in hole {Hf" [XU) {ctn) 
MRi"' Initial llll!asurlng r$eNOir reading (em) 
Ti = !nltial litna to record measuring reservoir level drop {mill.) 
MRI= Final measuring reservoir reading (<llll) 
Tf =Flnal time to re()l)rd measuring re~eivoir level dfQp (min.) 
/J. MR= Change In mea&Urlng refieNoir level (cm) 
/J. T =Change in lime for measuring resl!!Voit water drop (mln.) 
V=llowvotume (cm1 



Ksat Data Sheet 

' Plot: IK'sat•14 Conduered oy: 

L,:,cation: m-fr11ntroad Dffl!: 

Wealhllf: a, Tero : 

Soil Series/HQr~on: wets!lfllela Source of Water: 

"" "' ' ra D ffi "" Hru 35 3.0 '" 45 " 35 3.0 '" " 15 

35 3.0 '" 45 " 35 3.0 '" 45 15 

35 3.0 '" 45 15 

hd,.Hciede 1hl 11 {cm) 

SJF 

4/23110 

60 

•• 
• dsur1 ,-ON 

' 30 '" 
' 30 20 

5 30 20 

5 30 20 

5 30 20 

,-0N dsur, 

"'' '" ·~ 20 -~ '"-~ 20 ·~ '" 

~ "' "' T, "" " AMR AT V CF Q{cn-.'!mbl) Q(cm'lh) J(sat(Clmrll) Ksat(cmld} l<sat(lnlh) Ksat(in/d) 

30 15 43.4 10:28:00 43.0 10:58:00 ... 0:30:00 ., 
'"' ,.. ... o 0.089 2.13 0.03 o.. 

30 15 '3.0 10:58:00 42.6 11:28:00 0.4 0:30:00 ., 
'"' ,.• 84.0 D.D89 2.13 0.03 0.84 

30 15 .,. 11:28:00 41.6 12:58:00 ,.o 1:30:00 '"' '"' 
,, 70.0 0.074 w 0,03 0.70 

30 " 41,6 12:58:00 41.3 13:28:00 0.3 0;30:00 ,,. 
'"' ,., 

"" 0.067 1'0 0.03 0'3 
30 15 .,, 1:28:00 41.D 1:58:00 0, 0;30:00 31' '"' ,.o 63.0 0.067 1'0 0.DJ 0.63 

0.0666 ,...,, 0.02&2 ,.,.. 
r., Radru& of the hole (dla.12) (cm) 
rs =O!atance between reference !eve! 8!ld sci! surface {cm) 
0.,. Dlstan011 frcim the hcile bottom to !he reference level (hd<-ts) (cm) 
Hi = Initial desired water depth (head) in hole (em) 
Hit,. Ratio ofhead to radius of hole (must be i: 5) 
di = Constant-head tuba setlfrig, initial d measured !fl hole (di = D-Hij {cm) • uS11ally 1 cm Jess than caloolated di 
$utI"' Initial di:slance from water surhlce to !lfOijrnf {hd - HQ 
1-0N =3-way valoJe turned to 1-0N (CF = 20. mufliply CF time& & MR to obtain volume of low) 
2-0N ,. 3-way valve turned to 2-0N (CF " 105, mu!tiply CF times4 MR lu obtain volt!me of flow) 
di.ur, = Final distance from watl!Hurface to 91ound (steady stare) 

df« Final d meaaured in hole (dsur1+ Ill) (om) •ehould be wi!hln 1-2 cm of di 
Hf. Anal Y/amr depth !n hola (Hf., ~ (cm) 
MR!= Initial meesurtng reaervciit reading (cm) 
TI =lnilial time b:, 1ecord meawring reurvoit revel drop (mln.) 
MR!= Fina! maasu~ng reseIVoir reading (cm) 
Tf=Final time to re~ord measuring reservoir level drop (mln.) 
4 MR =Change ln meaw!lng feirervoir level (cm) 
&T,. Change In time for meBS11ring reservoir warer drop (min.) 
V =ftowvolume (cm1 



Ksat Data Sheet 

Pk>t Ksat.15 Conducteif;;;;: 

Lccation: "'"' Date: 

Weather: sunn" Te=~: 

Son Selies/Horizon: Ge shallow Source ofwate1: 

'"' hd ' • 0 ffi "" 
118! 46 ,.o " " " 

" ,.o " " " 
" ,.o " " " 
46 3.0 " 56 " 46 3.0 " 56 " 

"" 
4127/10 

65 

• dsur, ,-0N 

' " 31 

' " 31 

5 " " 
5 " " 
5 " " 

2•0N dSUft 

"" 31 

"" " 
"" " .... " 
"" " 

" Hf "" r, ""' n oMR " V CF Q{em%ltllJ O(cm'lh) 1<$at(«TVI!) Ksat {cmld) Ksat(ir,/h) Ksat(in/d) 

" " 41.7 ,1:na:00 ,., 11:38:00 ,., 0:30:00 ,,. '" ,., 588.0 om, 14.91 02' 5.87 

" " 38.9 11:38:00 "·' 12:06:00 ,., 0:30:00 325.5 '" 
,,. 651.0 0.688 16.50 027 ,.., 

" " 35.8 12:08:00 33.5 12:38:00 ,.3 0:30:110 241.5 '" ,.o 483.0 0.510 '225 020 U2 

" " 33.5 12:38:00 31.3 13:08:00 ,, 0:30:00 23' '" 7.7 462.0 0.488 11.71 0.19 .., 
" " 31.3 13:08:00 29.0 13:38:00 23 0:30:00 241.5 "' ,., 483.0 0.510 "25 020 4.82 

0,0" 12.(1878 0.1980 4.7511 

hd-- H<:ilit dl!plh(cm) 
r =Radius ol the hole (dia.12) (cm) 
m = Distance between reference level and soil surface (cm) 
O= Olstanca from the hole bottom lo the referenre level {hd+is) (cm) 
Hi " Initial de$ired water deplh {haad) in hole (em) 
Hlr =Ratio of head to radius ofhole (must be i1.: 5) 
di"' constant-head tube setting, lni!lal d measured in hole (dl " CHiij (cm) • usually 1 cm I= than calculated di 
dsur; = lnillal distance from water surface to ground (hd • Hi) 

1-0N " 3-way valve turned to 1-0N (CF = 20, multiply CF timss A MR Ill obtain volume of11cw) 
2-0N = 3-way valve tamed to 2-0N (CF= 105, rnu!tlpfy CF times A MR lo obtain volume offfow) 
di,ur1 " Final mstance from water surface to ground (steady state) 

di= F!nal d measined in hole (dsur,+ rn) (em). should be within 1·2 cm of di 
Hf. Fmal water depth !n hc1e (Ht= D--d1) {cm) 
MRl =Initial measuring reservoir reading (tm) 
TI =!nilial time to reco!d mea1,utlng resetVclr level dr<1p (min.) 
MRI" Final measuring w;ervclr reading (=) 
Tf., Fina! time to record measuring re,:iervolr level drcp (min.) 
t. MR= Change in measuring 1e$ervoif level (=) 
,1 T = Change in time for measuring rese,wlt water drop (min.) 
V"' ffowvolume (em"} 



Ksat Data Sheet I 
'Plot K,;at-16 Conducted~: 

Location: Wcorner 'old site' Date: 

Weather: sunn"lclcu r, 

SoU Selias/Hol'ilon: Slo e/tmns!tion eBowbrown Sourea ofl/tlater: 

,•. "' ' • 0 " "" 
"" " ,., " " 15 

" '·' " 61) 15 

50 . 
" " 15 

50 . 
" " 15 

50 '"' '"' " 15 

hd= Hote depth (cm) 

'" 
4127110 

"., 
• dsur, ,-0N 

5 " " 5 " " 5 45 35 

5 45 " 5 45 35 

2-0N ...,,, ~ HI Mri TI MRI Tl '"' 
., V CF Q{cm'tmln) Q(cm3/h) Ksat(cm/h) Kllllt(cmld) Knt(m/11) Ksat(in/d) 

" " 15 43.3 11:28:00 41.5 11:$8:00 ,.• 0:30:00 "' '" ,., 378.0 0.399 9.58 0.16 ,.11... " 45 15 41.5 11:58:00 ,,, 12:28:00 02 0:30:00 " "' '·' 42.0 0.044 '-" 0.02 0.42 

'" " 45 15 41.3 12:28:00 40.5 12:58:00 ,.. 0:30:00 84 "' ,, 168.0 0.177 '-" 0.07 1.68 

"'' " 45 15 40.5 12:$8:00 39.7 13:28:00 ,., 0:30:00 84 105 ,, 168.G 0.1n '-" 0.07 1.68 ... 35 45 15 "·' 13:28:00 36.9 13;58:00 ,. 0:30:00 84 '" ,., HIM 0.177 426 0.07 ,., 
0,1775 4."92 ,.... 1.6769 

r.,. Radiw;; of the hole (diaJ2) (cm) 
rs " DislDnce i,,,,twaeo reference level and soil surface (,;m) 
0 "'Di81ance from the hole 0011nm to the 1eferenl!I.I level (M+ra) (~m) 
Hi = Initial desired water depth (head} in hole (cm) 
Hlr,. Ratio ofhead to radius ofllote (must be i: 5} 
di " ConslanMlead 1!11,,e setting, lnit!al d meMured in hole (di =D-lii) {em)- U$uafy 1 ctn less ttran calcu!ated di 
dsur," lnltlal dlstam;:e from watt,; &urface to ground (hd - Hi) 

1-0N =3-way valve turned to 1-0N (CF., 20, multiply CF times A MR to obtain volume offlowj 
2-0N ,. 3-way valve tumed to 2-0N (CF= 105, multiply CF limoo.A MR to obtain volume of llow) 
dsurr,. Final d11rtance f!"om wale; surface to ground (steady statt,) 

df = Fina! d measured In hcle (dsur, + 111) {c:m) • ehou!d be v.itttln 1·2 cm ofdi 
Hf. F!ml! water depth in hole {Hf" 0--df) (cm) 
MRi =lnitilll measuring reservolf raadlng {cm) 
Tl = lnltia! lime to record measuring rese!Volr level drop (mln.) 
MRf .. Fina! me!ltlwing reservoir 1eading (c:m) 
Tf= Firutl time to record messuring rei;ervo!rleve! drop (min.) 
A MR " Change In meawr!ng reservoir level (c:m) 
AT,. Change Iii lime fut me1111uring reservoir water drop (min.) 
V" &wvolum& (em') 



Ksat Data Sheet 

' Plot Ksat-17 Conductedtw: 

~,;ation: inside fence Dale; 

Weather: clourtv Tern: 

Sofl SeiiesJH lizon; elk>Wb!'<l'Ml shallow Souroe ofwatei: 

'"' hd ' ra 0 HI HI> 

1/61 " 
,., 10 52 15 

" ,., 10 52 15 

42 ,., 10 52 15 

" ,., " 52 15 

SJF 

4/27110 

" ., 

• dsur; 1-0N 

5 37 27 

5 37 27 

' 37 27 

5 37 27 

2-0N ... ... 
"" .., 

dsur, " Hf Mri TI !I.Rf TI OMR " V Cf a(ofl'hminJ Q(em'ih) Ksat (cmrh) Ksat(omld) Ksat Qnlh) Ksat {inld) 

27 " 15 40.9 11:50:00 40.5 12:20:00 ... 0:30:00 " 105 ,., 84.0 0.089 2.13 0.03 0.84 

27 37 15 40,5 12:20:00 40.1 12:50:00 ,.. 0:30:00 " 105 1., ... 0.089 213 0.03 0.84 

27 " 15 40.1 12'50:00 39.7 13:20:00 0 0:30;00 " 105 1., 84.0 0.089 2.13 0.03 '·" 
27 " 15 "·' 13:20:00 39.4 13:50:00 ,., 0:30:00 m 105 1.1 63,0 0.067 1.so 0.03 0.63 

0.0832 1.9!J65 0.032!1 0,7860 
hd -- Hole depth (cm) 
t"Radius 11flhe hole {die.12) (em) 
n,; -"' Olstam;e between refeience level and sol! surface (cm) 
O=Distance from the hole bottom lo the reference level (hd+rs) (cm) 
Hi= lnlti&l ®Sited water depth (head") in hole (cm) 
H/1 ,. Ratio of head lo radillli of hole (mus! be ~ 5) 
O, =Constant..heed tube setting, initial d measured !n hole (di = 0-Hi} (cm)- usually 1 cm less than calculated di 
dsur, =Initial distance from water surlace to ground {hd - Hi) 
1-0N ': 3-way valve turned lo 1-0N (CF "'20, multiply CF times A MR lo obtain volume of flow) 
2-0N"" a.way valve turned to 2-0N (CF = 105, multiply CF times A MR lo 11btaln volume ofllow) 
dsur, = Final distance from water sumlce to ground (steady slate) 

dr"' Final d measured In hole (dsur1+ rs) (cm)-shauld be within 1-2 cm of di 
Hf- Final water depth In hole {Hf= 0-d!) (cm) 
MRi" Initial mea$Uril'Q resem>lr readlng(cm) 
Ti =Initial time to record measuring reseivoir level drop (min,) 
Mflf =Final measuring reseivo!I reading (cm) 
Tf =Fma\ t!ma to re(l(ltd measuring reseivolr lsvel drop (min.) 
A MR= Change in measuring reseivoir level (cm) 
AT " Cba11ge in time for llll!asurir,g reseivoir water drop (min.) 
V"' ffowvotume (em) 



Ksat Data Sheet 

Plot Ksat.18 Conducted liV; 

Location: Oidslte Oate· 

Weather: 000 Te""': 

Soff Selies/Holii:on: Bl Pacolet Source of water: 

,., hd ' " 0 "' Hh 

' 42 ,.o " " " 42 ,.o " " 1S 

" ,.o " " " 42 ,.o " " " 
-hd- Hora deplh (cm) 

SJF 

4127110 

" • 
• dsur, ,-ON 

s " 27 

s 37 ZI 

s 37 " s 37 27 

2-0N 

·-
,.. 
"" 
"" 

dsur, " H< Mri TI MRf n AMR A, V CF Q (cm31min}Q (cm'm ) l(i)at(cmlh) Ksl:rt(cmld} Ksal(i!>lh) Ksat(Wd) 

27 " " 24.2 2:34:00 2'.6 3;04:00 0.6 0:30:D0 " "' ,., 126.0 0.133 3.19 0.05 ,.,. 
27 37 " 2'.6 3:o4:00 ,,., 3:34:00 0.6 0:30:00 " "' '·' 126.0 0.133 3,19 MS ,.,. 
" 37 " 23.0 3:34;-00 "·' 4:04:00 0.6 0;30;00 " "' ,., 126.0 0.133 3.19 0.05 ,.,. 
27 " " 22., 4:04:00 21.8 4:34:00 0.6 0:30:00 " "' ,., 126.0 0.113 3.19 0.05 ,.,. 

0.1331 3,1144 ,..,. ,.ms 
r" Radluij of the ho!e{dla.12) (,;m) 
16 =Distance between reference level and 110U surface (cm) 
0 "' Oilltatlce from !he hota bottom to the referance !&Ve! (hd+ra) (cm) 
Hi =ln!lial d&slted water deplh (helld) !n hot& (cm) 
H/r " Ratio ofhead to radlw; of hole {must ha~ 5) 
di .. Constant-hl'l!d tube Gelling, lnl!lal d measured in hoJe (di "' D-Hi) (cm) - usually 1 cm tllllS lhan calculated di 
dsur," Initial distance from water wrlace to ground (hd - Hi) 
1-0N "'3-way valve turned to 1-0N (CF = 20. multiply CF limes AMR to o!l!aln velum& of ffow) 
2-0N ,. 3'way valve illmed to 2-0N (CF =105, multiply CF times A MR to oblalo volume of llow) 
dsur1= Final dlfllam:1.1 tom water surface to ground (&teady stare) 
df=Flnal d measured in hole (dsur, + rt;) (cm) - should be l'Mhln 1-2 cm of di 
Hf• Flnil water deplh in h.c1e (Hf= l).djj (cm) 
MRi ,. !nl!i81 measuring te6eNoir reading (cm) 
Tl "'Initial lime b:> record measuring tel;SNolt level drop (min.) 
MIU" Final measullng resSNOlt 1eading (cm) 
Tl= Final fime b:> nicotd measuring rllSeJVo!t l11Vel drop (min.) 
A MR =Chang1.1 in measuring re,.;eMiir level (cm) 
,1 T" Cllllllglt in time for me=slll'ing rl!<ll!Noit water drop (nin.) 
V<>llowvolume(cm~) 

https://ho!e{dla.12


Ksat Data Sheet 

Plot Ksat-19 C<'lnductedRv; 

Location: Grounds Date; 

Weather: "'" Tern,: 

Sllil Serles/Horizon: uo Source ofW!l.l!!r: 

,., "' ' " D H; HI, 

1/Ud 33 ,.o 10 " " 
" 3.0 IO " " 
33 3.0 " " " 
" ,.o IO 43 " 

SJF 

4127110 

" 

• dsur, ,-0, 

5 " " 5 28 " 
5 28 " 5 " " 

2-0N dsurr & 

"" " 
"" " 
"" " 
"" " 

Hf Mri TI ""' n AMR " V CF Q{cm3/minJ Q{cm'/11J Ksat(cmlh) Kllat(cm'd) Ksat(lnlh) Ksat (ln/d) 

" " 
,.., 2:49:00 -36.3 3:19:00 0.4 o,ao:oo 42 "' ... 84.0 0.089 2.13 O.o3 0'4 

28 " 36.3 3:19:00 ,,, 3:49:00 o., 0:30:00 10.5 \05 0.3 "" '·"' "' 0.01 02, 

" " 36.2 3:49:00 "·' 4:19:00 o., 0:30:00 ms '" 0 21.0 0 . 053 "' 02, 

" " 36.1 4:19:00 "·o 4:49:00 o., O:l0:00 '" "' 0.4 21.0 0.022 0,53 0.01 02' 

'""' 0.0,24 0.0087 "'"hd,. Hole depth {cm) 
r = Radrus of the hole (dia.12) (cm) 
rs "' Ol!i!an.e b<!tween reference ll!Vel and wij $utface (cm} 
O= Distance flom the hole bottom to the reference level (hd+rs) (cm) 
Hi ,. Initial de,iired water depth (head) ln hole (,;m) 
H/r = Ratio of head to radius of hole (mWil be l': 5) 
di ,. Constant-head tube setting, ;n;tiel d measured ln hole (di= D-Hi) (cm) - w.;,.,,,11y 1cm les,; than calculated di 
dsur1=Initial distanca from wal&r surface to ground {hd- Hi) 

1-0N ='l-'mrj valve turned to 1-0N (CF "'20, multiply CF times a MR to obtaln volume of flow) 
2-0N "J-way valve turned to 2-0N (CF =105, !llllltiply CF times<!. MR to obtain volume offfow) 
dsu11=Final distance from water surface to ground (steady $tale) 

df= Fmofd mea,;u,ed in hole{dsur,+ rs) (cm)-should bev.fthin 1-2 cm ofdi 
Hf - Ffnal water deplh !n hole (HI= 0-df) (cm) 
MRi = !nit!at measuring reservoir reading (cm) 
TI " tnitial time to record measuring re.ervoir level drop (mn.) 
MRI= Final measuring reservoir reading (cm) 
Tl= Final time to record measufil"lg reservoir level drop (min.) 
.i. MR =Change in mea$!.!rillg reservoir level (cm) 
d T =Changa In time lor measuring reservoir Wiltet drop (nfa.) 
V =flow volume (cfl11 



Ksat Data Sheet 

"'' Ksat-20 Condu,;\ed!:IV'. 

Location: Nelnhl,or fence Date: 

Weather: clo, To 

Soil Series!Horizon: tmnsltio111vel!owbro11 Source of Water: 

i>M " ' ra D HI HI, 

"'' " ,.o 10 " " 
" ,., 10 " " 
" ,. 10 " " . •hd Hol depth (cm) 

SJF 

4127110 

65 

• 
• dsur, 1-0N 

5 41 " 5 41 " 5 41 " 

,-0N 

,oo 

"00 

-· 
dsur, df H/ Mri TI MRI Tf AMR AT V CF a (cm0Jmin) Q(cm'lh J Ksat (omlh) Ksat(cm/d) Ksat(lnlh) !<sat {in/d) 

" 41 " 35.9 3:00:00 ,., 4:00:00 o., 1:0ll:00 " 105 0.7 42.0 o."' '-" 0.02 0.42 

" " " "·' 4:00:00 33.9 4:30:00 0.5 0:30:00 52' 105 ,., 105.0 0.111 '-" 0.04 1.0S 

" 41 15 ,,. 4:30:00 ,,, 5:00:00 0.5 0:30:00 ,,. 105 ,. 105.0 0.111 2.66 0.0< 1.05 

o..., 2.1296 """ 0.8384 
r., Radius oftha hole (dla.12) (cm) 
rs =Distance between reference level and soil surface {<.111) 
O " Distance fi"om !he hole bottom to !he mrerenca le-vel (hd+r$) (cm) 
Hi " Initial desired waler depth (head) in hole (cm) 
Hfr = Ratio ofhead to redlus of hole (mu&t b1:1 :i: 5) 
dl " Col\$1ant-head tube sellmg, initial d measured In hol1:1 (di "' 0-Hi) (cm) • 1.1sually 1 cm less than calwlated di 
dsur,,., Initial distanoe from water slilface to ground {hd - HI) 
1-0N "3.way- veNe turned to 1-0N (CF,. 20, mu!liply- CF limes A MR to oblllln volume offow} 
2-0N =3-way villlle turned to 2-0N (CF"' 105, multiply CF timeM MR to obtain volume of !!ow} 
dsur, .. Flnal distance from wabtr surface to ground (steady state) 

df=Final d meai:iwed in hole {dsur, + 1$) {cm) • should be IMthln 1·2 cm of di 
Hf. Fhull water depth In hole (Hf= 0-dfJ {cm) 
MRi ., tnililil meas11dng reseivo!i reading (cm) 
TI = lnllia! time to recoid maaiiurITTg reseivolf kivel drop (min.) 
MRf: Final measuring 1eseivo!r reading {cm) 
Tf"' Final time to recoJd meullfing reservoir level drl:,p (min,) 
& MR "' Change in me11SUring rese111olt '6vel (cm) 
AT =Change in time for measuring reseivolt water dn:ip {min.) 
V= ffowvo!ume (cm") 



Saturated Hydraulic Conductivity Data - DRAFT (UNC Bingham) 

10· 
New Site 

1 
1a 
2 

2a 
3 
4 
5 
6 
7 

14 (new) 
Old Site 

8 
9 
10 

"12 
13 
17 

" 

Soil Series 

Ge 
Ge 
Ge 
Ge 
Ge 

Ge (shallow) 
Herndon 

Herndon (swale) 
Ge 

Herndon (swale) 

Ge 
Ge 
Ge 

Herndon 
Herndon 
Herndon 
Herndon 

Ge 

Horizon 

Bt 
BC 
Bl 
BC 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 

Bl 
Bl 
Bl 
Bl 
Bl 
81 
Bl 
Bl 

Soil Area 

2 
2 
1 
3 

1 
2 
2 
2 
2 
1 

Deeth (cm) 

48.0 
99.0 
43.0 
60.0 
52.0 
47.0 
40.0 
54.0 
38.0 
35.0 

47.0 
42.0 
41.0 
62.0 
58.0 
41.0 
42.0 
42.0 

Depth fin) 

18.9 
39.0 
16.9 
23.6 
20.5 
18.5 
15.7 
21.3 
15.0 
13.8 

18.5 
16.5 
16.1 
24.4 
22.8 
16.1 
16.5 
16.5 

Ksat (cm/hr) Ksat (inlhr) 

0.04 0.02 
0.73 0.29 
0.03 0.01 
0.11 0.04 
0.12 0.05 
0.09 0.03 
0.16 0.06 
0.04 0.02 
0.11 0.04 
0.07 0.03 

0.07 0.03 
0.09 0.03 
0.07 0.03 
0.03 O.D1 
0.08 0.03 
0.02 0,01 
0.08 0.03 
0.13 0.05 

Gpdlfr 

0,25 
4.31 
0.15 
0.66 
0.70 
0.52 
0.91 
0.26 
0,65 
0.39 

0.38 
0.52 
0.39 
0.16 
0.48 
0.13 
0.49 
0.78 

SHWT(in) 

>84 in 
>84 in 
>84 in 
>84 in 
>84in 
>84in 
>84in 
>84in 
>84in 

~24-30 in 

>84 in 
>84 in 
>84in 
>36in 
>36 in 
>36in 
>84in 
>84 in 

16 hr test 

Inside Facilf!Y. 
15 
16 
19 
20 

Ge (shallow) 
Herndon 

Ud 
Herndon 

Bl 
Bl 
Ud 
Bl 

1 
2 
4 
2 

Avg 
Avg 

46.0 
50.0 
33.0 
46.0 
SA1 
SA2 

18.1 
19.7 
13.0 
18.1 
19.8 
19,3 

0.50 
0.18 
0.02 
0.09 

0.2 
0.1 

0.009 
0.035 

3.0 
1.0 
0.1 
0.5 

>84in 
>48in. 
>24 in. 
>36 in. 

GEOMEAN 
~ 
SA1 
SA2 
Old Site 
SA1 
SA2 
Inside Facllf!Y. 
SA1 
SA2 

0.07 
0.08 

0.07 
0.04 

0.50 
0.07 

0.03 
0,03 

0.03 
0.01 

0.20 
0.03 

0,39 
0.49 

0.43 
0.21 

2.96 
0.41 

SA1 
SA2 
GEOMEAN 

0.11 
0.07 
0.09 

0.04 
0.03 
0.03 
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Spil lnvgstigation Oata Sheet 

Ksat-1 
Bin ham road Dale: 4!6/2010 

Coun Oran e !nvesil alor s : SJF 
latJLon : Elev.: 

Parent Material: Slate Drainage (Wetness) Class: ~II 
Moisture Status: moist S!o a%: 2% 
Classification: G, Ve eta!ive Cover: fallowfie!d 
A;; act: SE Water Table: >7' 
landscape Position· side slope SHWT· 

Ho..:z. De~th "n,• 

As 0.2 

E 2-8 

Bt1 8-22 

812 22-38 

BC 38-52 

C 52-84+ 

Main Colors 
moistl 

10YR 416 

h•ottles 

dark yellowish 

"- . 

10YR 516 
yellowish 
brown 

5YR 416 
lvel!owish red 

SYR416 10YR 7!6 
el!owish re4 lvel!ow 

5YR416 7.SYR 6/8 
eUowish red !"ellowish red 

10YR 616 
brownish f7.5YR 518 
ellow stronn brown 

st~•cture 

Texture Gm-'e CJa~a 

s~tloam moderate '"' 

sll~- ~•~· moderate fine 

cl~ moderate medium 

sJl!h, cl=• modera!e medium 

s~ty clay 
loam moderale medium 

s~ty clay 
loam =•k fine 

Molst&Wet 
T""e Con,:;ist. 

s11bang11!ar 
b!OCl(y fliabla 

subanguJar 
blocky friable 

friable/silt 
subangular flrmlS!ighUy 

P,d 
Coati--s 

b!o~i,,, stic:kv alastic • 

subangu!ar friab!e/slightl 
b!ocku l,,firm 

subangu!ar 
blocky friable 

subangular 
blocky friable 

~ 
Bound--• other Remarks 

ma"'' fine roots, thick root mat 

. few rocks/pebbles 

few fine roo!s 

-25% saprolitlc, deer> profile 

laood structure, mu!U-coJared, man~~nese nodules/hematite 



t;~
Soll.\¼=,&!-~ 

Soil Investigation Data Sheet 

Soil Boring: "- Ksat-2 
Location; Bin ham road Date: 4/6/2010
Coun Oran e Jnvesll ator(s : SJF 
lat/long.: E!ev.: 

Parent Material; Slate Drainage (Wetness) Class: 
Moisture Status: moist Sloe%: 1% 
C!assificaHon: Georgevi!le VegetaUve Cover: fal!owfleld 
As ect: SE Water Table: >T 
Landscape Position· side slope 

Horb: 0e"th In.' 

A" 0-2 

"" 
,., 

.,, B-22 

BC 22.-40 

CR 40-56 

CR2 5S-S4+ 

Main Colors 
'moist 

5YR 513red 
bro= 

2,SYR 4/8 red 

2.SYR 4/8 red 

2..5YR6/8 
li"ht red 

7.5YR612 
reddish ve!I~• 

mu!ti-co!ored 
saorofite 

Mottles 

. 

7.5YR 616 
red/yellc)w 

7.SYR 8f6 
lh'>rlNel!ow 

2.SYR 713 
light reddish 
brown 

7.5YR 813 
plnk, 7.SYR 
5/8 strong 
brown, SYR 
416 yelfov.ish 
red 

Structure 

!Texture Grade Class 

loam moderate "" 

silly clay 
loam moderate medium 

""' moderate medium 

silty r::Jay 
l"am moderate "' 

silty clay 
!oam =ak fine 

silty cfay 
loam =ak fine 

SHWT 

Moist&Wet 

T••• Con~ist. 

subangular 

Ped 
1"oatin-s 

btockv friable · -
. 

subangular sligh!!'f 
blocky firm/friable . 

firm, slightly 
sticky, 

subangu!ar slightly 
blocky plastic 

subangu!ar 
blocky friable . 

subangu!ar 
blocky friable . 

subangular 
b!ockv friable . 

Hoizon 
Bounda-· other Remarks 

thick root mat, manv fine roots 

disturbed 

marw fine, distinct red yellow rTl<)ltJeS 

-35% sapro!ite 

mulli-colored 

lci,,od struciure, mottled, multicol"red rock 



~;~,£ 
:-1,V.~~ Soil Investigation Oata Sheet 

SCi! Soring: Ksat-3 
Location: Bin ham Iron! road Date: 4/2312010 
Coun Oran e !nvesti a!o s : SJF 
Lat.!Long.: Elev.: 

Parent Material· Slate Dra'ina!le (Wetness) CJass: = Moisture Status: moist S!o"e 1%: 3% 
Classification: Ge Veoe1a!ive Cover: fallowfie!d 
Aspect 
Landscape Posrlion: 

SE 
side slo= 

Water Table: >84ff 
S.H.W.T: 

Structure 

Horii. Denth 'in.1 
Main Colors 

tmoist IMQttles T"lrtUre GraNe c,~~s n,", 
Mel t&Wet Ped 

Coatinn5 
Ho!zon 
Bound~"' Other RemarksConsist. 

Ao 0-3 
10YR4/3 

brown sa=nr1oam -,, .,, subangular 
bloa,!m fr1able fine roots, trafficked 

E ~. 10YR 5/4 
yellowish 
brownn sandv loam =ak '" 

subangular 
blocky friable 

811 8-18 

10YR6/6 
brownish 
lve!low sandv clav moderate medium 

subangular 
bloc!'" friable/firm " fine roots 

·~ 1S.28 
SYR 518 ytws. 
red 

10YR 716 
ellow sandy c]av moderate medium 

subangular 
blocht slioh!lv stic"' " 

8C 28-66 
7,5YR 516 
slronn bm 

10YR 716 
vellow 

sandy day 
Sam moderate medium 

subangu!ar 
blocky friable/firm ,., 15-20% saprolite 

C 66-84+ 
SYR 5/3 
reddish brn 

.5Y 7/Spale 
yellow sandy roam ~-, fiae 

granular/ 
subangu!ar 
b!ockv fiable multicolored rock 



~iW:! 
s..u, W..tcr~~ Soil lnvestigatiqp Data Sheet 

Soi! Boring: Ksal-4 
Loca~on: Bin hamroad Date: 4n12010 
Coun Oran e lnvesll ato s : SJF 
La!Jlon . Elev.: 

Parent Material: Slate Drainage (Wetness} Class: 
Moisture Status: moist Sto e %: 
Classification: Ge {shallow) Vegetative Cover fa!lowfie!d 

East Water Table: >84""' "' 1011: s1 esopeLa"dscape Posit· d I SHWT 

Horiz. De.. n••in.• 

Ao 0-2 

E 2·10 

B11 10-22 

B12 22-38 

BC ,.., 

C 60-84+ 

Main Colors 
moist' 

10YR 413 
bro= 

10YR 514 
yellowish 
bro= 

10YR6/8 
brownish 
el!ow 

7.SYRS/6 
strong brown 

5YR 5/8 
veUowish red 

2.5Y7/6 
ve!low 

iuo..ies 

-

10YR716 
yellow5YR 
518 yellowish 
red 

10VR 7/6 
yellow 

2.5Y 7/6 pale 
lvellow 

Structure 

Texture Grade Class 

sandv!oam =" fine 

sandv loam Y.-eak ,,. 

sanriv r1:ru moderate medium 

sandv clav moderate medium 

sandy clay 
loam moderate medium 

sand\/ loam =ak fine 

Moist&Wet Ped 
Tso• C ist. Coafinns 

subangular 
blo""" friable -

subangu!ar 
block~ friable 

subangutar 
b!or,1ru friable/firm '"'' 

subi:mgular 
blo s!iohllv sticky •• 

subangular 
blocky friablelfirm '"•• 

granular/ 
subangular 
bfockv fiable 

Hol:i:on 
Bounda~• Other Remarks 

fine roots 

- rave!I" 10-15% large sb blk ! ravel auartz 

some fine roots 

25-30% sanrolil:e 

multicolorod rock, black Mn fraqments 



··.".'\£1" p;:::t;i~ 
:,;,,,,t.'W,,o,,,.-11<;1...- ....G,.""1' Soil f11v,:,stiglltion Data Sheet 

Soil Boling: Ksat.S 
Location: Bingham rnad Date: 4112/2010 

Oran e Jnves · ator(s : SJF
°"'" Lat.Jloflg.: 

a ena, Dramaqe (Win' "'JCla ~· mPare!Mt"t" S!ooa (%): 3%Moisture Status: moist' 
C!assificafion: Heindon Ve,.etaliVe Cover: fallow field 

Asnect: East water Table: >84" 

S.H.W.T:Landscape Posllion: 

Horii. Qenthlin I 

Ao 0-2 

E 2·10 

" 10-18 

'" 18-2< 

'" 26-38 

BO "~' 

C OO..a4+ 

side slope 

M~;;~Jts 

10YR4/3 
brown 

10YR5/4 
yellowish 
bfOWll!l 

10YR5/6 
ylws bm 

SYR 518 y!ws 

"' 

7.SYR 5J6 
stro.,,.brown 

7.SYRS/6 
reddish•lfw 

10YR8/8 
yellow 

Structure 

Mottles Tinrture Grade Class 

- " loam .,., '"' 

siltloem =" '"' 

slltkiam moderate '"' 

faw10YR716.. siltyci"" moderate medium 

10YR7/6 
ye!low5YR 
5/8 yellowish 

"' ''" moderate medium 

silty clay moderato medium 

SYRS/8re<I, 
7.SYRS/8 
stn~ bm sittloam _,, 

""' 

Moist&Wet 
T••e consist. 

subangular 
blocky friable 

subangular 
bloc"·~ f1iabll:l 

subangular 
b1ooky friable 

subangula1 
biociru: friable/firm 

subangu!ar 
blocW lriablo 

s11bang11la1 
blocky friable 

granular/ 
sub:mgu!ar 
blocky ''""' 

'"Coatinffc 

'" 

,~ 

'" 

Hoi)'.On 
Bo1111da"' Other Remarks 

fine roots, shallow 

- multicoloied rock, >50% sap 



~~;"e-.-,,11;...,._.,_ Soil Investigation Dahl Sheet 

Soll Boring: 
Location: Bingham road (ffetd)""'" 4/12/2010 

Oran a !nve · ato1 s : SJF 
Lat./1..ang.: E!ev.: 

Patent Materiat Dramapa IW,,tn l Class: 
Moisture Status: moist Slope (%1: 3% = -· Classilicalion: Herndon (swale) Vegeta!Ne Cover: fallow field 
Aspect East Waler Table; >134" 
Landscapa Posmon· sfde slope S.H.W.T: 

Horlz. D··~ ""' 

AF ~, 

' 
,_, 

BE 7-20 

an 20-26 

80 264B 

813 4'<0 

C 60-84+ 

Main Colars 
•moist Mo..'e-

10YR4/3 
bro= 

10YR5/4 
yellowish 
txownn 

10YR 516 
twsbm 

5YRS/8ytws few10YR 716 

"' ,.. 
10YR7/6 
yel!owSYR 

7.SYRS/6 5/8 yellowish 
stro"" brown ,., 

10YR614tight 
ylwsbm 

10YR613 10YR812v 
pala brn pa!bm 

' ,. 
Moisl&Wet ,,, !:!!tl!!m.. 

Te...u- ,._,. 
Class T•oo Consi.at. CnBti iBoundatv otllet Rematkll 

subangular 
sa...,,· loam -, '"" blocky friable ffne roots, shallow 

subangular 
silt loam ~" '" blocky friable 

subangular 
siltloam moderate fine bloc"" fiiable 

subangular 
slltyclav moderate mecUum ""'~ frial>le/lirm I,$ 

subangu!ar 
cla" moderate medium blocl:,' friable ,~ . 

. 

sub.angular 
sillvclav moderate medium blocky friable ,oo 

granular/ 
subanguJar 

silt loam _,. 
'" blocky fiabt, crushed rock 



i11~\e 
$,,a,v.~!...,~' Sgil lnvestiqatlon Data Sheet 

Soil Boring: Ksat-7 
location: Bin ham road Dale: 4/23/2010 
Cooo Oran e !nvesii a!or s : SJF 
Lat.llong.: 

Parent Material: 

Elev.: 

Drainage (Wetness) Class: 
Moisture Status: moist Sloe%: 3% 
Classification: V etative Cover. fallow field 
As ect: Water Table: 
Landscape Posifon· side.slope SHWT 

Stn,eture 

Horii. th lin.l'" 
Main Colors 

lmoistl IMottles T,.xture Grade Class ..... Moit&Wet p,a 

Coatin"s 
~ 
Bound other RemarksConsist. 

0-3 
10YR 4/3 
bro= sand,..loam ....,, 

""' 
subangular 
bloi;ky 

subangular 
blocky 

subangular 
bloclrn 

friable fine roots 

E 3-10 

10YR 514 
yellowish 
brownn sandv loam =ak "" friable 

.B11 10-23 

10YR 618 
brownish 

lvel!ow 
5YR 5/8ylws 

"" sandv cl= moderate medium friable/firm '""' 

B12 23-38 
7.5YR5f6 
strono brovm 

10YR 716 
yellow5YR 
5/8 yellowish 
red sandvclay moderate medium 

subangu!ar 
blocky sliohllv sticky "' 

BC 38-52 
SYR 5/8 
ivel!owish red 

10YR 716 
vel!ow 

sandy clay 
loam mcdera!e 

' 

medium 
subangu!ar 
b!o""'• friable/firm "' - 15% sap 

line crushed rockC 52-84+ 
2.SY 7/6 
vel!ow 

2.SY 716 pale 
lvel!ow sandv loam =•k fine 

granular/ 
subangular 
blocky fiab!e 



~~"e
Sail.~ Soil Investigation pata Sheet 

son Boring: Ksat-8 
Location: News r Site Date: 4113/2010
Coun Oran e lrwes!i ator s : SJF 
LatJLong.: Elev.: 

Parent Material· Slate 1naae (We1ness) Class: 
Moisture Status: moist s1, %1: 3% 
Classification: Ge or Pacolet Veoetative Cover: fores! 
Asnect: South Waler Table: >84" 
Landscape Position: side slope S.H.W.T: 

Horiz. Denth In.I 

,.. 0-2 

E 2-8 

811 8-24 

aa 2450 

BC 50-76 

C 78-84+ 

Main Colors 
moisti Moffles 

10YR 413 
brown 

10YR 514 
yellowish 5 YR 5/6 
brov,mn 1ws red 

10YR 518 
Mws red 

5YR518y!'ws 10YR 7/6,., el!ow 

5YR 5/8 10YR7/6 
vel!owish red yellow 

2.5Y 7/6 pale 
5 YR6/1 qray yellow 

Structure 

Texture Grade Class 

sandv loam m,k fine 

sandv!oam =" '" 

Is"'"" elev moderate medium 

sandvclav moderate medlum 

sandy day 
!oam moderate medium 

sandy loam =•• ,,. 

Mo!st&Wet 
T,oo Consist. 

subangu!ar 
blocky friable 

subangular 
blocky friable 

subangular 
blockv friable/firm 

subangular 
blorkv slklh!!v stic"'· 

subangular 
b!otlu friableJRrm 

granular/ 
subangular 
Olo"-"" fiatlle 

.., 
Coatin"s 

-

., 

., 

,~ 

~ 
B da"• 

-

other Rema· 

fine roots 

fine am:! med. roots 

line and med. roo1s 

fine crushed rock 



.]KIPf'V'~, 
SaU.,~~ffilnm,cm: Soil Investigation Data Sheet 

Soil Boring: Ksat*9 
Location: News r Sile Date: 4/13/2010 
Coun Oran e lnvesti ator s : SJF 
latJLong.: Elev.: 

Parent Material: Slate Drainage (Wetness) Class: well 
Moisture Status: moist S!o e % : 4% 
Classification: Ge /shallow) Vegetative Cover: forest 
As ect: South Water Table: >84" 
Landscape Position· side slope SHWT· 

Structure 

Horiz lnenth tjn.1 
Main Colors 

Mottles Texture Grade Class Tu•e 
Moist& Wet Ped 

Coatinng 
Hoizon 
Bounnan, Other Remarks'moist1 Consist. 

Ao 0-4 
10YR 4/3 

brnwn . sandy loam 

sandy clay 

sandvclay 

weak fine 
subangu!ar 
blocky friable . fine roots 

811 4-18 
5 YR 416 ylws 
cod . moderate medium 

subangular 
b!ockv friable/firm yes 

812 18-40 
7.5YR5/6 
strong brown 

5YR 7/4 pink 

10YR 7/6 
yellow5YR 
518 yellowish 
red,5YR 
8/1 white moderate medium 

subangular 
blockv friable '"' crushed rock fraaments 

BC 40-78 

5YR8/1 
white, 7.5YR 
516 

sandy clay 
loam moderate medium 

subangu\ar 
blocky friable '" crushed rock fragments, floaters, 25% sap 

C 78-84+ 
2.5Y7/6 
yellow 

5 YR 8/1 
white sandy loam weak fiae 

granular/ 
subangular 
blocky fiab!e . . crushed rock, small floaters 



"""'Lal./Lo 

Date: 4/13/2010 
!nvesti ator(s : SJF 
Elev.: 

Parent Material· Slate Drainane /Wet ""s ) Class 
Moisture Status: moist Slope(%): 4% 
Classification; a, Veoetalive cover: forest 
Aseect SW Water Tabla: »48" auger refusal 
Landsca e Position: 

HQ,U., Oeoth lln.l 

,.. 0-2 

E 2*13 

811 13-28 

·~ 2S.34 

BC 34-48 

C 48-84+ 

sidestopa 

Main Crilors 
fmoistl 

10YR 413 
brov.n 

10YR 613 
loalebm 

10YR 5/8 
ylws red 

7.SYR 5/6 
stronn brov.n 

SYR 518 
11e!lowish red 

5 YR611 nray 

Mottf<>s Texture Grade 

sandv loam _,, 

5 YR 5/6 
lvlws red sandv loam mak 

sandy clav moderate 

10YR 7/6 , 
yel!owSYR 
518 yellowish 
red, 5 YR8/1 
while sandy clay moderate 

10YR 7/6 sandy clay 
lvel!ow' loam moderate 

2.5Y 716 pale 
ve!low sandv roam _,. 

S.HW.T: 
Structure 

Moist& Wet ••• ~ 
Class T""' Consist. Coatin"" Bound Other Remarks 

subangu!ar 

'"' blo friable . fine roo!s 

subangu!ar 

'"' blocky friable fine and med. roots 

subangu!ar 
medium blocky friab!effifm '"" line and med. roots 

subangular 
medium blor..l<v friable "" crushed rock fraoments 

subangular 
medium blo~.kv friable'/firm "" . 

granular/ 
subangu!ar 

""' b!ocky fiable fine crushed rock, auaer refusal at SO in. 



i~;"e
s..tif.~~tet. & Th~totil1Uffl 
~ Soil Investigation Data Sheet 

Soil Boring: KsaM 1 
Location: News arySile Date: 4/13/2010 
Coun Oran e !nvesli ator(s): SJF 
La!.llong.: Elev.: 

Parent Material: Slate Drainage (Wetness) Class: 
Moisture Status: moist Slope %}: 3% 
Classification: Herndon Ve etalive Cover: forest 
As ect: 
Landscape Position· 

West 
side slope 

Water Table: 
SHWT 

>36~ ? auger refusal 

. structure 

Horiz. Oenth fin,\ 
Main Colors 

Mottle., Texture Grad,,_ Class Tvoe 
Moist& Wet Ped 

Coatinns 
Hoizon 
Boundan, Other Remarkstmoi t\ Consist. 

Ao 0-2 
10YR4/3 

brown . sandy loam weak "'' 
subangular 
blockv friable . . fine roots, shallow 

E 2.10 
10YR 6/2 It 
ylws nrav . si!t!oam weak fiae 

subangu1ar 
b!ockv friable . . fine roots 

BE 10.20 
10YR 7l4v 
pale bm . sl!tloam moderate fiae 

subangu1ar 
blocky friable 

811 20-34 
10YR 6/4 lt 
vlws bm sl!tloam weak/mod fine/med 

subangular 
blocky friable yes . auger refusal, few quartz rocks 



;~
,J:~A~ 

"'""' Soil lpwst:lgation pata Sheet 
sou Boring: Ksal-12 

NswS ra Sile Dale: 4/13/2010 
Oran e !nvesti ato s : SJF 

Lat./Lon .· Elev.: 

Parent Material: Slate Drainage (Wetness) Class: 
Moisture Status; molsl S!o %: 
Classification: Herndon Ve e!ative Cover: forest 
Aspect· West Water Table· >48~ auoer refusal 
Landsca~e Position: sidast01.1e S.H.W.T: 

Hori, Oe~th 'in.I 

·- 0-2 

E 2·10 

BE 10-18 

811 18-34 

BO 34-46 

BIB 46-50-i. 

Main Colors 
fmoistl 

10YR4/3 

bro= 

10YR 612 !l 
!ws aray 

10YR 7/4 v 
IPalebm 

10YR6/4U 
lvlwsbm 

7.5YR 5/6 
strono brov.n 

7.55YR 8/6 
reddish y!w 

Mofflea 

10YR 8/1 
'Mlite 

10YR 716 
yellow, 10YR 
8/1 while 

re 

Texture Grade Class 

sandy loam =ak fine 

silt loom ~ak fine 

silt!oam moderate '"' 

silt loam weakfmod fine/med 

clay moderate medium 

sillv clav moderate medium 

Moi!<t&Wet Pod Ho~n 
T•~• Consist. Co<>tin"" Boundarv 

subangutar 
b!oclw frisb!e -

subangu!ar 
b!o""'· friable 

subangular 
b!o-"'· friable 

subangu!ar 
b!o,.i,,, friable '"' 

subangular 
blocky friable '"' -

subangular 
block" friable " 

Other Remarks 

fine roo!s, shallow 

fine roots 

auaer refusal, few nuartz rocks 

auger refusal 

https://sidast01.1e


,[~e
J.~!..i,~- §oil Investigation Data Sheet 

5oi1 Boring: Ksat-13 
Location: News ra Site Date: 4/13/2010 
Coun Oran e lnvesti a!or s : SJF 
Lalllong.: Elev.: 

Parent Mate ·na; Sit,, Ora1na9e {Wt'''SS)C!ass: -Moisture Status: moist Slo"e % : 2% 
C!assfficalion: Herndon Veoeta!ive Cover: forest 
Asoect: 
Landscape Position: 

SW 
side slope 

Water Table: 
S.H.W.T: 

-34" oe!'l;hed 

St ot,re 

Horlz. De~•,. in.' 
Main CEIIOts 

•moist !Mottles T-xture Gra"e Cla-s ,~.•, Moist& Wet 
Consist, 

Ped 
Coati--
~ 
Bound--• Other Remarks 

Ao .., 10YR 4/3 
bro= sandy loam ~" "" 

subar,gular 
b!OC"" friable fine roots, sl\allow 

E 2-10 

10YR 5f4 
yellowish 
brownn silt loam =•k fine 

subangu!ar 
blockv friable 

BE 10.18 
10YR 5/6 

1·•••bm . silt loam moderaie floe 
subangular 
blockv frlab!e/stickv 

8'1 18-34 
SYR 5/Sylws 
red 

few10YR 
716 vlw si!tv clav moderate medium 

subangular 
blocky friable/firm _, evidence of perched wr at 34 in, 

sa 34-45 
10YR 8/2 v 
oa!e bm 

10YR 7/6 
yel!ow5YR 
518 yellowish 
<ad """ moderate medium 

subangu1ar 
blocin, friable/sticlru "" water movement 

BIB 45-50• 
10YR6/6 
bmsv!w 

i0YR 716 
yel!owSYR 
5/8 yellowish 
red, 10YYR 
8/1 while silty clay moderate medium 

sul.>angular 
lockv friable "'' au,,er refusal al 50 in,, rock 



Ji~-
Solj Investigation Data Shoot 

Soil Boling: - Ksat-14 
Loeafu.m: Oa!e: 4/1412010 
countv: Jnvesti tors: SJS 
l.aL/L.(lng.: 

Parent Mateliat 
Moistura Stall.ls: 
C!assiiicaton: 
Aspoct 
Landscape Position: 

Horiz. De ,th" 

0-2"" 

,~' 

~"" 

S!a!e 
moist 
Herl\don 
SE 
side slope 

Main Cnlors 
moist Motttes 

10YR 4J3 
brown 

10YR514 
yettm,,ish 
b= 

10YR5/6 
y!ws brn 

Text1m:. 

santru loam 

slit loam 

sllt!oam 

•-·· 

-· 
=ak 

moderate 

Structure 

Cb" 

'"' 

""' 

fiM 

S.H.W.T: 

,~ 
' 

subangular 
btooky 

subangu!ar 
block,'" 

subangu!ar 
blocky 

Class: ~II 
3% 

fallow field ,.,. 

Molst&Wetf!.1!.. ~ 
Consist Co;;.'""S Bounda~• 

ffiabki 

friable 

friable 

other <>-ma·ks 

fine , rass roots 

fine roots 

fine roots 

811 

•• 

18-30 

30--38 

SYR 518 ylws faw10YR 716 
,rw siitvcrav'" 

10YR7/S 
yaUow5YR 

7.SYRS/6 5/6 yellowish 
stronr1brown cl••"'" 

moderate 

moderate 

medium 

medium 

subangu!ar 
blocky 

subangular 
blod<11 

fliablelfirm 

fliahleffl•m 

,~ 

»~ 

'" 

C 

,.., 

62-34• 

7.55YR8/6 
reddishylw 

10YR8/6 
ellow 

silty clay 

5YR5/8 red, 
7.5YR5/8 
stngbm, 
10YR8l1 
wMe sitt!oam 

moderate 

msk 

medium 

""' 

subaogular 
blocky 

granular/ 
subangular 
blod<V 

friable 

fiab!a 

,,~ evd of water movement 

multicolored rock. >50% sap 



Soll Investigation Data Sheet 

Ksa\.15 
Near Old Sile Date: 4/2712010 

hwestl ator s : SJF 

LafJLon .· 
Coun Oran e 

Elev.: 

Drainage {Welness) Class:Parent Material: Slate 
Sloe%: <1% 

Class 'flcation- G' {shallow) 
Moisture Status: moist 

Ve11eIative Cave.r. forest 

Asnect " NE Water Table: >84" 

Landsca e Position; 

Horii, De-th 'in.' 

,_ 
0-2 

E 2·8 

B'1 8-28 

8l2 28--38 

BC ,.., 

C 6&-84+ 

side slo~e 

Main Colors 
'moist' 

10YR 4/3 
bro= 

10YR 5/4 
lwsbm 

SYR 5/4 
reddish 
brown 

7.5YR5I6 
stron~ brown 

SYR 5/8 
i,,ellowish red 

2.SY7!6 
avellow 

Mottles 

10YR 716 
yellow5YR 
5/8 yellowish 
red, 10YR 
8/2v pale 
bm 

10YR 716 
eJlow 

2.5Y 716 pale 
yellow 

Structure 

Texture Grade Class 

sandv loam mak "" 

sandv !oam =•' '" 

sa......,•clav moderate medium 

sandv ciav moderate medium 

sandy day 
loam moderate medium 

sanrtv loam mak "'' 

S.H.W.T: 

Moist&Wet 
T··-, Consist. 

subangular 
blocky friable 

subangu!ar 
blocky friable 

subangular 
blocky friable/firm 

subangu!ar 
blocky sl"'hlh• stic" 

~:.~~-gu!ar 
friable/firm 

granular/ 
subangular 
block" liable 

Ped 
Coatrnns 

"' 

" 

"' 

!:!.e.!!'l!!.. 
Bounda-· other Remarks 

fine roots, duff 

some fine roots, sanro!ite floaters 

- 25-30% sanrolile 

multicolored rock 



:,;sv\e
5;,;1,~a:Ln_,_.,_ SoH fn11estiqafion Data Sheet 

Soil Boring: Ksat•16 
Loealion: Old Site W comer Date 412712010 
Coun Oran e !nvesti ator s : SJF 
La!Jlong.: Elev.: 

Parent Material· Slate Drainaqe (Wetness\ Class· 
Moisture Status: molst Slo %: 4-8% 
Classification: Herndon Ve1:mtalive Cover: forest 
Asoect: East Waler Table: >84" 
Landscape Position: side s!ooe transition S.H.W.T: 

Horiz. De~th ""·' 

A• 0-3 

E ,., 

BE 8-38 

811 311-50 

·~ 50-74 

813 ,...... 

I Main Colo-
'moist Mottles 

10YR3/1v 
dk "f"'" . 

2.5Y711 H 
loray 

2.5Y 7/1 H 
gray, 2.5Y 

2.5Y614 It 811 white, 
lwsbm charcoal 

7.5YR616 10YR6/4lt 
reddishylw 1,,iwsbm 

2.5YR7/4 It 
reddish bm 

7.5YR 516 
strono brown 

ruot 

Moist&Wet Ped Holzon 
Text"re G-" Class T••• Consist. Coatinos Boundarv Other Remarks 

subangular 
sanmtloam ~" '"' blocky friable . fine roots, dark, fibrous duff 

subangular 
silt!oam =•k fine b!ockv friable fine roots 

subangular 
silt loam moderate ""' b!o,.h, friable charcoal frai:iments, dlstu!bed soil 

subangutar 
siltvcia" moderate medium blo fliablelfirm " . 

subangular 
sillyciav moderate medium blon"', friable '"" 

subangular 
siltv clav moderate medium blocky friable ,,., sapro!ite frmiments 



Soil Investigation Data §heet 

Soil Boring: Ksat-17 
Location: Oki S ra Site Date: 412712010 
Coun Oran e lnves · ator s : SJF 
Lal./Long.: Elev.: 

Parent Material: Slate Drainage (Wetness) Class: 
Moisture $talus; moist Sloe%: 6% 
Classifica!ion: Herndon Ve e!ative Cover. forested 
As ect: SE Water Table: >72" au er refusal 
Landscape Position· side slope SHWT 

IMori2. Oenthtin.l 

Ao 0-2 

E 2-10 

SE 10.20 

611 20.30 

·~ ,.., 

613 60.70+ 

Main Colors 
lmois+l 

10YR4/3,_ 

10YR 716 
yel!ow 

10YR 516 
!ws brn 

10YR 6141! 
lv!ws bm 

2.5Y 713 pale 
1w 

' 

2.5Y 6/4 It 
lwsbm 

~~ottfes 

-

-

2.5Y8/1 
white 

Structure 

Tel(ture G..,de Class 

sanms loam ~" '"" 

silt!oam ~" ,,. 

silt!oam moderate ,,. 

silty clav mOdera!e medium 

silty clay moderate medium 

si!tv clay moderate medium 

Moist&Wet Pod Hoil:on 
T""• Consist. Coatill"S Bounda"'• 

subangular 
b!ockY !liable 

subangular 
blocky friable 

subangular 
b!o..,,., friab!a 

subangular 
b!o...in, friable/firm ""' - . 

subangu!ar 
blockY. friable "~ 

subangular 
blor.kv friable '"~ 

Other Rem*•ks 

fine roots, Shallow 

verv drv, line roo!s 

verv drv 

. 
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-o•,~;;~ ' -

s.n,•~~ S911 Investigation Data Sheet 
Soi! Boring: Ksal-18 
Location; Bin ham road Date: 4/2712010
Coun Oran e !nvesti ator s : SJF 
La!Jlong.: Elev.: 

Parent Material: Sla!e Drainage {Wetness) Class: 
Moisture Status: moist S!o e %: 
ClassificafOff Ge /shaI!ow VeqeIfa 1ve Cover:1 ' ta11ow fi1e!d 
Asnecl· East Water Table· >84" 
Landsca e Position: 

Horlz. lnh.....,.,in.l 

Ao 0·2 

E 2·10 

,., 10-36 

812 36-58 

BC 5'-73 

C 73-84+ 

sideslo= 

Main Colors 
frnolstl 

10YR 413 
bro= 

10YR 514 
yellowish 
brownn 

SYR 518 
lvellowish red 

7.SYRS/6 
strona brov.n 

7.5YR 5/6 
stmnn brown 

2.5Y716 
lvellow 

Mottles 

10YR 7/6 
ye11ow5YR 
5/8 yellowish 
red 

10YR 716 
yellow 

2.5Y 7/4 pale 
yeUow, 
7.5YR 5/6 
stnnbm 

Structure 

Texture Grade Class 

sa~"' loam wo,k '"' 

sa~..,, loam _,. 
'"" 

sandv clav moderate medium 

sandy clay moderate medium 

.. 

sandy clay 
oam moderate medium 

sandv loam _,, 
'°' 

S.H.W.T: 

Moist& Wat Ped l:!2i!!m. 
T"•• Consist. Coatinns Bo"'•dan, 

subangular 
blocky friable 

subangular 
blocky friable . 

subangu!ar 

'"'"'" friablllifirm ~ . 

subangu!ar 
b!ockv s!iQhllv st'~'- " 

s_ubangular 
blor.l<v Wable/firm '"" 

granular! 
subangutar 

'"""' fiable . 

Other Rema~· 

line roots 

line and med roois 

som11 fine roots 

15-25% saprolile 

multicolored rock, >50% saprolite 



'::~~
SoTI, Wimx, & En,U<lilln=tt 

Soil Investigation Data Sheet"°'"P 
Soil Boring: KsaH9 
location: Facili Grounds Date: 4/27/2010 
Coun Oran e lnvesr ator s ; SJF 
Lat./long.: Elev.: 

Parent Material: Slate Drainage (Wetness) Class: well 
Moisture Status: moist Slope %): 3% 
Classification: Ud Ge Vegetative Cover: landscaped area 
Aspect: South Water Table: <36 in. disturbed 
Landscape Position· side slope SHWT·.. 

Structure 

Horiz Death lin.l 
Main Cnlors 

fmoi tl Mottles Texture Grade Class Tvne 
Moist& Wet Ped 

Coatinas 
Hoizon 
Boundarv Other RemarksConsist. 

Ud1 0-2 
5YR 5/8ylws 

red . sandy clav moderate medium 
subangular 
blocky friable . fine roots, very disturbed 

Ud2 2~14 
2.5V 6/6 olive 
ylw 

SYR 5/8 ylws 
red sandy clay moderate medium 

subangu!ar 
blocky friable/firm . . buried roots, debris 

Ud3 14-24+ 
10YR 6/3 
oale ylw multi colored sandy clav moderate medium 

Subangular 
blocky friable/firm yes . some fine roots 



;~~\7\e 
~~~ Soil Investigation Data Sheet 

Soil Boring: Ksat-20 
Location: 
coun 

Bin ham road 
Oran e 

Date: 
rnvesli ator s : 

4127/2010 
SJF 

LalJLon : Elev.: 

Parent Male rial· S1,t, Drainage (Wetness) Class: 
Moisture Status: moist Sloe%: 3% 
Classification: Herndon V elative Cover; faUowfiefd 
A, ci,, 
Landsca e Position: 

Hori:,. 
,___., 

in.I 

·- 0-2 

E ,.. 

BE 6-18 

811 1S.26 

·~ 2&-36 

BC 36-60+ 

Eat' side slope 

""ain Colors 
tmolst-1 

10YR4/3 
bro= 

10YR 5/4 
yellowish 
brownn 

10YR 5/6 
lws brn 

10YR 5/6 
Mwsbm 

SYR 5/2 
reddish"~' 

5YR 511 ,.,~, 

stnum,... 

M·'"es Texture Grade c,... 

sandv loam =•• "" . 

si!tloam moderate medium 

silt loam moderate ""' 

few10YR 
7i6ylw, SYR 
5/6v!wsred siltv ciav weak/mod medium 

10YR 7/6 
ye!low5YR 
5/8ye0oy,ish 

"' clav weak/mod medium 

silly clay weak/mod medium 

ater aW T hl' S.H.W.T: 
>60" 

M,:,ist& Wet Ped 
T""' Consist. Coatin,.s 

subangu!ar 
b!o-'· friable 

subangular 
blockV friable 

subangu!ar 
b!orlm friable 

subangular 
bJo~"'• friableJfirm ,,., 

subangular 
b!ockv friabJe '" 

subangular 
blockv friable "' 

fus f 155'"au!lerre 

~ 
Boun"~~, other Remarks 

- fine roots, med roots, OM 

saoro!i!e floaters 

atmerrefusa! at 5.5 ft 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 ofproducing large 
amounts of biomass and providing favorable soil conditions to enhance adsorption of 
phosphorus and denitrification of nitrogen. 

The UNCBWWTF proposes to land apply wastewater to a forest and forage grass land 
application system on approximately 5.71 acres out of57 acres of total land area 
consisting oftwo 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 ofwater 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 ofnutrients (mg/L) in the wastewater at the 
proposed UNCBWWTF receiver site will be ~25.0 mg/L total nitrogen (1N) 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 lbs 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 lbs PAN/ac/yr for all soil 
areas. Assuming 75% availability, plant available phosphorus (PAP) would be at most 
approximately 9.3 lbs 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 
ofwater to growing crops. Recommendations for any nutrient amendments are provided 
in Table 2. Annual soil testing and monthly analysis of the wastewater should be 

iv 
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accomplished to detennine if there are continued nutrient deficiencies at the site. This 
will help insure proper management ofthe site and optimize growing conditions. 

The combination ofmixed hardwood/pine forest and forage grass system at the 
UNCBWWTF Land Application receiver site will provide sufficient treatment and 
cycling ofthe waste irrigation water. Trees transpire large quantities ofwater from deep 
in the soil profile and also support large leafareas 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 ofa 
combination forage grass and forest system at renovating wastewater and reducing 
nutrient loadings to nearby river basins. 

( 

( 
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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 effiuent 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 to 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 ofproduction, 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 
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Source. NCDOT USG$ 1:24,000 (GIS, 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 ofthe 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 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 (Liquidambar styracijlua), sugar maple 
(Acer saccharum), Loblolly pine (Pinus taeda), Shortleafpine (Pinus echinata), Virginia 
pine (Pinus virginiana), sassafras (Sassafras albidum), other small understory woody 
species. Vegetation in the fields and open areas consist ofa variety ofherbaceous 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 nutrients 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 ofestablishing 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. 
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The estimated average annual nitrogen uptake of forested ecosystems for southern forests 
is 250 lb/ac/yr for 40-60 year old mixed hardwood species, 200 lb/ac/yr for 20-year old 
loblolly pine with no understory, and 250 lb/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 ofthe 200 lb/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 of3.0 
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 leafareas 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 ofessential plant nutrients, 
organic compounds, trace minerals, and potentially phytotoxic compounds. Each ofthese 
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 1N, 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 recommendations 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 ofnutrients 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. 
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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 ofcalcium (Ca) and 
magnesium (Mg) with all concentrations expressed as equivalents. The SAR calculation 
is: 

SAR= Na/(Ca/2 + Mg/2) v, (units in meq/L) 

Generally an SAR in excess of IO 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. lfthe level of 
sodium in the soil exchange complex increases to a level over I 0, then corrective measures 
such as gypsum addition or injection ofmagnesium 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 controlled 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 UNCBWWTF irrigation water has an SAR ofless 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 I 0-15%. Soils with ESP values> 10-
15% can be remediated through under draining and adding soluble sources ofCa such as 
gypsum (CaSO4), being careful ofMg 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. 
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IfESP values exceed 15% then amendments such as gypsum or another calcium substitute 
should be added to correct the situation. A prescription of I ton/2units ESP is 
recommended to address this problem. 

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 %, 
so no corrective measures are necessary. 

2.2.3 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 n6t an issue. Zinc (Zn) and copper (Cu) concentrations, 
however, are frequently monitored in municipal wastewater at levels of0.5 to 1.0 mg/I 
(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 .02 I mg/L and zinc concentration of .82 mg/L. 

The levels ofzinc 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 lb./ac Cu and 2,498 lb./ac Zn (USEPA, 1981). The site 
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., 
201 I, USEPA, 2002). 

3.0 Site Specific Soi.ls/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 ofeach ofthe horizons, the color of 
the soil material at each ofthe various depths, the texture, structure, consistence ofthe soil 
material within each ofthe horizons, and depth to bedrock or other limiting horizon. These 
augerings were also done to verify the boundaries ofmapping 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 agricultural land use. These variations resulted in 
subsequent variations in hydraulic loading potentials between the two soil series but not 
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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 ofChewacla loam soils. Soil Area 1 (SAi) soils on 
the receiver site consist ofGeorgeville 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 meta volcanic rocks of the Carolina Slate Belt. 
Seasonal high water is typically >6 ft. SA! 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 ofHerndon 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 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 
Descrmtlons. 

Soil Area 
Predominant Soil 

Series Existing Vegetation 

SA-I Geon>eville 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 ofthis site. Additional 
agronomy recommendations are found in the Agronomist Report (SWE Group, 2011) 
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Table 2: Composite Soil Analysis ofUplands (N=22) at the UNCBWWTF Receiver 
1 

(
Site, Orarnze Countv, NC (2010). 

Depth pH 
p 

ppm 
(lndex) 2 

K 
ppm 

(Index) 

Ca 
ppm 
(%) 

Mg 
ppm 
(%) 

CEC 3 BS% 4 

Georgevillle 
0-6 in. 

6-12 in. 
4.9 

6.0 (5. 
(5.0) 

66.0 
(33.8) 

228.9 
(35.1) 

115.4 
117.9) 6.1 55.6 

5.1 
2.3 

(1.9) 
47.6 

(24.3) 
161.4 
(29.3) 

102.3 
(18.6) 5.3 50.1 

Herndon 
0-6 in. 

4.7 
51.3 

(42.7) 
70.7 

(36.1) 
212.6 
(34.4) 

82.2 
(13.1) 6.1 50.7 

6-12 in. 
5.0 

9.8 
(8.2) 

65.2 
(33.3) 

183.7 
(33.0) 

96.1 
(16.8) 

. 

5.5 52.7 
Laboratory Sod Test Reports (2010).

2 Index values reported by NCDA (2010) http://www.ncagr.com/agronomi/pdffiles/ustr.pdf
3 
Cation exchange capacity (meq/100g)-defined as the amount ofcations adsorbed on soil-particle surfaces per unit mass of the soil 

under chemically neutral conditions. 
4 Base saturation-defined as the percentage of the CEC occupied by base cations 

Table 3: Range ofNutrient and Lime Recommendations as lbs/ac or tons/ac for Lime, for 
the UNCBWWTF Land Aoolication Receiver Site, Oran!!e Countv, NC (2010) 1 . 

Recommended Application 
Soil Area 1 Soi1Area2 Soi1Area3 Soil Area 4 

Lime 0.5-l.0 0.5-l.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 - - - -...l. Nutrient and Lime Recommendations provided by the NCDA - Agronomic D1v1s10n (2010) 

( 

Maintenance ofsoil fertility is an important component of any land treatment operation. 
Without vegetation, the effectiveness ofany 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 ofwater 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 Nutrient 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 correct 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 often 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 ofa 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 oftotal Kjeldahl nitrogen 
(TKN), ammonia nitrogen (NH3), and nitrate/nitrite nitrogen (NOJ/N02) in the irrigation 
water. N03/N02 and NH3 are the inorganic forms of nitrogen and total Kjeldahl 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 process. It is 
estimated that the nitrogen in the wastewater will primarily be in the inorganic fraction, 
and of this amount, a large portion will occur in the NH3 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 available 
nitrogen loadings will be less than calculated approximate PAN loadings. 

Proposed design nitrogen concentrations for the UNCBWWTF wastewater were used for 
estimating PAN loadings. Liquid irrigated ortto the receiver sites will contain approximate 
levels ofnitrogen reported as -25.0 mg/I total nitrogen (TN). 
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Potential Hydraulic Loadings: 

Soil Area I {3.56 ac}(.21 in/wk) 
2,896 gpd 
Soil Area 2 (2.15 ac) (.21 in/wk) 
1,749 gpd 

Liquid Loadings: 

Soil Area I (.21 in/wk)-(80th %tile) 
25.0 mg/L TN• {l,057,113 gal/yr)• 8.34 (lb/106 gal/mg/L) / 3.56 ac = 61.9 lbs TN/ac/yr 

Soil Area 2 (.21 in/wk)- (80th %tile) 
25.0 mg/L TN* (638,395 gal/yr)• 8.34 (lb/106 gaVmg/L) / 2.15 ac = 61.9 lbs TN/ap/yr 

Soil Area 1&2/.21 in/wk}-(80th %tile) 
25.0 mg/L TN* (1,695,508 gal/yr)• 8.34 (lb/106 gal/mg/L) / 5.71 ac = 61.9 lbs TN/ac/yr 

PAN 
PAN= MR(TKN-NH3)+[(1-VR)*(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= NitraieNitrogen (~10.0 ppm) 
*NO2= Nitrite Nitrogen (~ 0.0 ppm) 

*Source: McKim & Creed {2011) - Proposed AdvanTex System 

Soil Area I (.21 in/wk)-(80th %tile) . · 
21.5 mg/L TN• (1,057,113 gal/yr)• 8.3.4 (lb/106 gaVmg/L) / 3.56 ac = 53.2 lbs PAN/ac/yr 

Soil Area 2 (.21 in/wk)- (80th %tile) 
21.5 mg/L TN* (63&;:i95 gal/yr)* 8.34 {lb/106 gal/mg/L) / 2.15 ac = 53.2 lbs PAN/ac/yr 

Soil Area 1&2 (.21 in/wk)- (80th %tile) 
21.5 mg/L TN• (1,695,508 gal/yr)• 8.34 (lb/106 gal/mg/L) 15:11 ac = 53.2 lbs PAN/ac/yr 

This annual appr9ximate PAN nitrogen loading rate is calculated by multiplying the 
amount of~PAN nitrogen in the wastewater by the gallons ofwastewater 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 l)laximum annual average application ofapproximately 
53.2 lbs 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 to 
optimize crop production. 

3.2.2 Phosphorus Loadings 

Domestic wastewater contains low levels ofphosphorus as total phosphorus (TP), 
phosphate (PO4) or (P20s). Each of these forms of phosphorus can be essential as nutrients 
for plants. Plants generaJly require phosphorus at a rate of25% 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 Hydraulic Loadings: 

Soil Area 1 (3.56 ac) {.21 in/wk) 
2,896 gpd 

Soil Area 2 (2.15 ac) {.21 in/wk) 
1,749 gpd 

Liquid Loadings: 

Soil Area 1 {.21 in/wk)-(80th %tile) 
5.0 mg/I.. TP • (1,057,113 gal/yr)• 8.34 (lb/106 gal/mg/I..)/ 3.56 ac = 12.3 lbs TP/ac/yr 

Soil Area 2 (.21 in/wk)-(80"' %tile) 
5.0 mg/I.. TP • (638,395 gal/yr)• 8.34 (lb/106 gal/mg/I..)/ 2.15 ac = 12.3 lbs TP/ac/yr 

Soil Area 1&2 (.21 in/wk)-(80"' %tile) 
5.0 mg/I.. TP • (1,695,508 gal/yr)* 8.34 (lb/106 gal/mg/I..)/ 5.71 ac = 12.3 lbs TP/ac/yr 

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 ofboth native and fertilizer applied phosphorus. 
The efficiency ofphosphate uptake by plants will be higher if lime is applied to the site 
prior to irrigation. Assuming 75% availability, PAP will be ~9.3 lbs/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 
ofphosphorus 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 Joss ofphosphorus, 
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 ofunusually high precipitation. The UNCBWWTF receiver site will have (
vegetated buffers around waters ofthe state adjacent to irrigation fields 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 effiuent is anticipated to be between <10 mg/Land <5 mg/L respectively, based on 
design effiuent concentrations. 

Given that a site with moderately drained soils can accommodate up to I 0,000 lb/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 software and a database developed by N.C. State 
University, the Natural Resource Conservation Service, the North Carolina Department of 
Agriculture and Consumer Services, and the North Carolina Division of Soil and Water 
Conservation. This nutrient management software allows an analysis of the nutrient 
requirements ofproposed crops at the receiver 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 
UNCBWWTF receiver site 
Soil Crop RYE (tons) '·1 Nitrogen 

Application 
Rate 
'1b/ac/vr) 1•1 

Irrigation Area 
(ft') 

Phosphorus 
Removal 
(lb/ac/yr) '·1 

Irrigation 
Area 
(ft') 

SAi Fescue 3.2 136 70,595 51 37,650 
Georgeville Coastal 

Bermuda 
3.8 159 60,383 46 41,743 

Forest - 150 + 64,006 40+ 48,004 
SA2 Fescue 3.9 174 29,581 63 24,158 
Herndon Coastal 

Bermuda 
4.8 213 27,220 58 19,993 

Forest - 150+ 38,653 40+ 28,990 
1.] Based off management recommendat1ons from NCSU et al. (http://nytnents.so1Lncsu.edu/y1eldsD 
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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 thrnugh the UNCBWWTF program. The 
wastewater parameters to be monitored include as a minimum the following: total nitrogen 
and plant available nitrogen (Kjeldahl-N (organic) and NH3-N, nitrate, and ammonium 
(inorganic)), total phosphorus, potassium, sodium, calcium, magnesium, copper, zinc, 
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 I 0-
15, however spraying is not precluded should an SAR value higher than IO occur. Only 
when an SAR value higher than IO 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 ofland 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 ofmunicipal 
wastewater including: I.) 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 ofnutrients and 
enhance infiltration. 

Detailed knowledge of site history and soil characteristics is necessary for proper design 
and maintenance recommendations ofwastewater application systems. Ideal wastewater 
application sites will have deep (>Im) 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 wiH be well drained (water table >Im 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. 

13 



Hardwood (deciduous) species tolerant of saturated soils are generally preferred for 
wastewater application. Hardwood species are generally preferred because ofhigh 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 dat,i regarding microsite variation, existing soil 
fertility, in-situ soil texture and morphology, and water table depth. This site specific data 
are essential to establish proper loading rates, species recommendations, and maintenance 
recommendations. 

4.2 Species Selection 

In'the case ofplantation establishment, species selection is dependent on the anticipated 
hydraulic loading, waste characteristics, soil characteristics, seedling availability, and 
desired rotation length (i.e. final product desired). Several hardwood tree species have 
been successfully used thmughout the Southeast for biomass plantations and \Vastewater 
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 tree species are recommended for the moderate to well drained soil 
areas (SA1 and SA2) (Appendix - Figure 4). Hardwood species are generally preferred 
because ofhigh nutrient uptake, rapid early growth rates, ability to resprout after harvest, 
arid tolerance ofsaturated 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 ofrotation should be considered. Growth 
patterns ofsweetgum (Liquidambar 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 offafter 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 a 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 
(SAi and SA2) and moderate pH levels at 1.8 x 3.0 m (6 x IO ft) 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 ofthe soils and site characteristics at the 
UNCBWWTF receiver site were utilized to determine the best suitable receiver crop or 
combination ofcrops. 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 
A r . S,DD 1cat10n ;ystems. 

Species Flooding 
2 3tolerance 1' ' ,s 

Preferred soil 
4 6texture ' 

Preferred soil 
nH rane:e 4,6.7,s,9 

Platanus occidentalis 
(sycamore) 

mod. tolerant sandy-silt loam (coarse) 5.50-7.50 

Liquidambar styraciflua 
(sweetgum) 

tolerant silt-clay loam (fine) 5.50-7.50 

15 



(Fraxinus pennsylvanica 
fareen ash) 

very tolerant moderate to coarse 4.15-7.50 

Acer negundo 
(boxelder) 

tolerant v. coarse to v. fine 5.00-7.10 

Quercussp. 
(oaks) 

v. tolerant -
mod. tolerant 

moderate to fine 4.50-5.50 

Nyssa aquatica 
(water tupelo) 

very tolerant moderate to v. fine 4.00-5.50 

Populus heterophylla 
(swamp cottonwood) 

very tolerant heavy clays (fine) 4.60-5.90 

Populus deltoides 
(cottonwood) 

v. tolerant-
tolerant 

f.sandy loam - silt 
loam 

5.50-7.50 

Populus deltoides X P. 
nif!ra (hvbrid poolar) 

tolerant 
mod. tolerant 

medium texture 6.00-7.00 

Taxodium distichum 
(bald cvoress) 

very tolerant silty clay-loam 4.60-6.90 

Pinus elliottii 
(slash pine) 

mod. tolerant coarse to fine -----
Pinustaeda 
(loblolly pine) 

intolerant -
mod. tolerant 

sand-clay 4.50-6.50 
(moderately acid) 

<. < , < ,< •' Baker, 1977, Hook, 1984, Gill, 1970, WtllettandBdan, 1993, Gardmeretal., 1993, 
6 Burns and Honkala, 1990; 7 Harrington, 1991; 8 Baker and Broadfoot, 1979; 9 Broadfoot, 1976 

Table 6: Recommended Vegetation Species for Vegetation Areas at the UNCBWWTF 
LandA,nn11cat10n S Rece1ver s·1te, 0 range Cr svstem ounty, NC 

( 

Vegetation 
Area (Soil 
Area) 

S~cies Comments 

I 

green ash 
sycamore 
sweetgum 
hybrid poplar 
baldcvnress 

~ plant better drained areas with one or 
more of these species 
~ species planting depends on seedling 
availability 

2 
green ash 
sweetgum 
bald cvoress 

~ species planting depends on seedling 
availability 

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 ofthe 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 ofhardwood trees. 
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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 ofwastewater 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. 

• 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 stocking 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 ofthe 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 important for 
renovation ofwastewater and recharge ofgroundwater. 

The success ofeither 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 ofpulpwood and/or sawtimber. 

Forested Land Application System Maintenance SUMMARY 

Following are recommendations for maintenance ofa hardwood spray field plantation at 
the UNCBWWTF receiver site: 

• Maintain a minimum of I 0-15 ft. 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 
ifnecessary to coritrol herbaceous weeds and vines. 

• Follow up inspection and replanting as necessary (within one year following 
replanting). 

• 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 ofsupplementally 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. 

• 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. 

• 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 application 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: 

I. Forage grasses tolerate a wide range of soil moisture levels. 
2. Forage grasses utilize significant levels ofnutrients. 
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 
detennine general site characteristics, but detailed site specific infonnation may be 
necessary for proper design ofthe 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 Bennuda 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 ofthe growing crop. 

Table 7: Recommended Vegetation Crop for Forage/Grass Areas at the Proposed 
UNCBWWTF Receiver Site, Orange Count', NC. 

Vegetation 
Area {Soil 
Area) Cron Comments 
SAi & SA2 Forest and/or Coastal Bennuda grass 

and other perennial grasses (i.e. tall 
fescue, or hvbrid fescue) 

- managed for nutrient and water 
assimilation. 

( 

7.0 Forage Vegetation Establishment, Management, and 
Harvesting 

Data obtained from the investigation ofthe soils and site characteristics at the 
UNCBWWTF receiver site were utilized to detennine the best suitable receiver crop or 
combination ofcrops 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, 20 I 0), 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. .S-1.0 tons lime/ac Soil pH is moderate to low. pH influences the availability 
ofessential plant nutrients. The lime recommended is required to facilitate the 
upt!lke ofessential plant nutrients. This should be supplied in the form of 
dolomitic lime to insure Ca/Mg ratios stay in balance. 

B. 80-120 lbs nitrogen/ac - This is generally supplied in the form ofurea, 
ammoniacal nitrogen, or nitrate nitrogen in inorganic fertilizers. 

C. 40 to 90 lbs phosphorus/ac This is generally supplied as a phosphate 
compound. The phosphorus recommended is essential for root development. 

D. 0 to 60 lbs 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. 5 lbs copper/ac - Bermuda grass requires trace minerals to prosper. Ifcopper 
levels in the soil are very low supplemental copper must be supplied. Generally 
this is supplied through the addition of copper sulfate. 

F. 0 lbs zinc/ac - Bermuda grass requires this trace mineral to grow and prosper. 
Ifzinc levels in the soil are very low supplemental zinc must be supp lied. 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 ofearly 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: 

I. 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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2. Adjust soil fertility with lime and nutrients. 
3. Disk and pulverize soil in seedbed. 
4. Incorporate seed or sprigs at rates recommended. 
5. Irrigate to assure crop germination or sprig development. 

Eastern gamma grass, fescue, and dallisgrass should be established on shaded areas and 
areas with higher slopes using pure live seeds at 15 lbs/ac. Seeds should be placed 
between 0. 75 and 1.0 inches apart during the months ofApril through mid June. Fescue 
can be established as well. This can be accomplished by disking in a cover crop offescue 
in the fall (Sept.-Nov.) (broadcast 10-15 lb/ac or drilled at 6 lb/ac). Establishment ofa 
fescue crop is possible in the early siiring 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 cutting of the receiver sites with low ground pressure equipment following 

adequate drainage/dry down of the spray zone. 
• Grass clippings should be mowed on a regular basis left in place to provide organic 

matter and nutrients for the regenerating crop. Clippings left on the receiver sites 
provide important carbon and nutrient sources for continued 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 evening. This assures that the crop is irrigated 
during or near daytime hours and this minimizes the potential for plant dtseases to impact 
the forage crop. Turfand other grass crops are susceptible to fungal infections if irrigated 
extensively during nighttime hours. The irrigation operations must be scheduled primarily 
during daytime or near daytime hours. Irrigation in the late evening followed by long 
periods ofdark is not a recommended reuse practice. 

7.2.3 Forage Grass Harvesting 

The forage system (all species) should produce a yield of3 to 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 low 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: 

• 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. 

• Seed the receiver site with a groundcover consisting ofBermuda grass, tall fescue, 
gamma grass, dallisgrass and/or annual ryegrass. 

• Band-apply a preemergent herbicide to planting areas if necessary to control 
herbaceous weeds (i.e. 2% glyphosphate sin.). 

• 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. 

• All planting areas should be irrigated immediately following planting and regularly 
throughout the first two growing seasons (i.e. March I 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 long term presence of forest cover and reduced vehicle traffic with 
forest systems will greatly improve infiltration and other soil characteristics important for 
renovation ofwastewater and recharge ofgroundwater. 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 ofphosphorous and nitrogen respectively. 

The overall success ofthe 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 ofthe quality ofthe 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, inclnding (
landscape managers, as well as regulatory agency personnel responsible for assuring 
compliance with environmental mandates. 

9.0 Environmental Effects 

Ifmanaged properly there should be no adverse environmental effects from the 
establishment and management ofa 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 ofthe 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. Ifmanaged properly, there will be no adverse 
impacts to groundwater supplies or surface water supplies. The addition ofwater and 
nutrients to the site may benefit wildlife through increased biological activity in adjacent 
wetlands and low lying areas. 

( 
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APPENDIXB 
(PAN, Nitrogen and Phosphorus Balance Calculations 

(Page 18, Item 11. Cover crop information, NCDWQ Form: WWIS 12-06) 
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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 ::S 10 mg/Land 5 mg/L respectively and meet the federal shellfish standard for 
coliform of< 14 counts/l00mL. Total nitrogen concentrations and total phosphorus concentrations are 
anticipated to be approximately ~25.0 mg/Land ~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. 

~ 
PAN= MR(TKN-NH3)+[(l-VR)*(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. 
Soil Crop 1RYE (tons) 1 

· Nitrogen 
Application 
Rate 
(lb/ac/vr) l.J 

Irrigation Area 
(ft 2) 

Phosphorus 
Removal 
(Ib/ac/yr) '·1 

Irrigation 
Area 
(ft 2) 

SAi Fescue 3.2 136 70,595 51 37,650 
Georgeville Coastal 

Bermuda 
3.8 159 60,383 46 41,743 

Forest - 150 + 64,006 40+ 48,004 
SA2 Fescue 3,9 174 29,581 63 24,158 
Herndon Coastal 

Bermuda 
4.8 213 27,220 58 19,993 

Forest - 150 + 38,653 40+ 28,990 
1.] Based off management recommendations from NCSU et al. ~//nutnents.so1l.ncsu.edu/y1e]ds{) 

EXAMPLE CALCULATIONS: 

Nitrogen Balance to Determine Irrigation Acres ifN is Limiting 

Soi/Area I 
Fescue 
TN (.21 in/wk liquid loading: 25.0 mg TN/L annual avg.} 
25.0 mg/L TN* (1,057,113 gal/yr)* 8.34 (lb/106 gal/mg/L) / 136 lbs TN/ac/yr = 1.6 ac 

':oastal Bermuda grass 
TN (.21 in/wk liquid loading: 25.0 mg TN/L annual avg.} 



25.0 mg/L TN• (1,057,113 gal/yr)• 8.34 (lb/106 gal/mg/L) / 159 lbs TN/ac/yr = 1.3 ac 

Forest 
TN {.21 in/wk liquid loading: 25.0 mg TN/L annual avg.) 
25.0 mg/L TN• (1,057,113 gal/yr)• 8.34 (Ib/106 gal/mg/L) / 150 lbs TN/ac/yr= 1.4 ac 

Soi/Area2 
Fescue 
TN (.21 in/wk liquid loading: 25.0 mg TN/L annual avg.) 
25.0 mg/L TN• (638,395 gal/yr)• 8.34 (lb/106 gal/mg/L) / 196 lbs TN/ac/yr = .68 ac 

Coastal Bermuda grass 
TN (.21 in/wk liquid loading: 25.0 mg TN/L annual avg.) 
25.0 mg/L TN• (638,395 gal/yr)• 8.34 (lb/106 gal/mg/L) / 213 lbs TN/ac/yr = .62 ac 

Forest 
TN (.21 in/wk liquid loading: 25.0 mg TN/L annual avg.) 
25.0 mg/L TN• (638,395 gal/yr)• 8.34 (lb/106 gal/mg/L) / 150 lbs TN/ac/yr = .89 ac 

Phosphorus Balance to Determine Irrigation Acres ifPis Limiting 

Soi/Area I 
Fescue 
TP (.21 in/wk liquid loading: 5.0 mg TP/L annual avg.) 
5.0 mg/L TP • (1,057,113 gal/yr)• 8.34 (lb/106 gal/mg/L)/ 51 lbs TP/ac/yr= .86 ac 

Coastal Bermuda grass 
TP (.21 in/wk liquid loading: 5.0 mg TP/L annual avg.) 
5.0 mg/L TP • (1,057,113 gal/yr)• 8.34 (lb/106 gal/mg/L) / 46 Ibs TP/ac/yr = .95 ac 

Forest 
TP (.21 in/wk liquid loading: 5.0 mg TP/L annual avg.) 
5.0 mg/L TP * (1,057,113 gal/yr)* 8:34 (lb/106 gai/mg/L) / 40 lbs TP/ac/yr = I.I ac 

Soi1Area2 
Fescue , 
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/106 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 (lb/106 gal/mg/L) / 58 lbs TP/ac/yr = .45 ac 

Forest 
TP (.21 in/wk liquid loading: 5.0 mg TP/L annual avg.) 
5.0 mg/L TP • (638,395 gal/yr)• 8.34 (lb/106 gal/mg/L) / 40 lbs TP/ac/yr = .66 ac 

Water Balance 
Soils Soil Area Maximum Irrigation Rate 

(in/yr) IJ 
Irrigation Area (ft2) 

Georgeville/Hemdon SA1/SA2 10.92 249,163 

( 

I.] Based on Water Balance (Edwm Andrews & Assoc., PA, 2011) (
* Note: This site is hydraulically limited 
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Table 6A, Water Balance: 'UNC Bin ham Input ==> Output=> 

Soil 1 • Secondary Effluent - 3556 GPO Total 

Thornthwaite Potential Evapotranspiration 

[ZI << == Check Box to use 
Thomthaite Method 

#of Days 

Ja,ntJary
februarv: 
March 31
APrif. '36 
~,ay. - 31 
Jul"le :30 
~UIY ""31 
A~.si~~L .. 31

'36 -September 
October · !H
Novembe·r · 30 
IJE!ceriiber 31 

TOTAL= 365 52.57 

Results: 
Total Storage Required of 6.34 

Notes: 
Spray Irrigation Monthly Application Factor = a fo«:ing faetor bywhleh the "normally" Aetual Spray Irrigation Rate !s mu11!pl!ed by, 

with the Storage Required being re.--<:aleu!ated to aeeount for this factor. 

Formulas: 

(Max. Allowable Irrigation) "' {ET) + {Drainage) - {Rain) 
(Monthly EJ:cess) (Max. Allowable Irrigation) - {Monthly Influent Waste Volume) 

where: (•Monthly Excess) water that must be storod ln Storage Pond 

where: + Monthly EJ:cess) extra water that ean bes ray lrri ated out of Storage Pond 

Heat 
Index 

0.58 
1.01--
i6§···,tss 

· 0ix,-
10.12·· 
11.GY·1ros 

- 8~75-
_'_[§{:_ 
2.78 

1.10 
67.22 

vapora 100 a a (used for RainFall IN and Evaporation Out of Lagoon) 
Location of PAN Data: !.(ZJ,ii,Jfa(Jli'J:;~'fJ!.\i,H!IW!~R,.I'"~ ,~"i~:tt!'!lrifl:~Vj~].;j~;; 
Enter PAN M1.dtiplication Factor. J_f~,;;,o;:,:~ «== 0.70 recommended 

Calculated 
Potential 

ET 
PET 

Spray Irrigation Area = acres 

(de rees F 

31.64 Lagoon Area 

□«== Check Box to use Manually 
entered PET data. 

Rainfall 
Infiltrating 

Soll 
(in/mo 

4,93
J.?~ __-
5.24·:r:73 
4.89·.r;.is 
5~42
4:26. 
-i:Sf. 
4.15 
"i52 

--·5:31r 
52.57 

Inches 

Potential 
ET 

(in/mo 
0.20 
o_._?~ 
1.13 
i:24"' 
i78

-•·s:20 
·s:11 

. if-45" 
3.79

··2.03··
·--o.s1 ·o.ar·.. ·~ 

31.64 

276.8 · days of Storage 

TOTAL= 46.45 32.52 

0 «== Check Box to account for Rain 
- Evap. in/out of Lagoon 

C ainFall - ET" 
Accumulated intofout of 

La oon itself 

In In 
GPDave.) Gallons 

1,533.2 47,529.7 
1A1~·'.1 39,"T~~~-6 
1.,2-~~~? ~_;\7.!!!3:J 
138.0 4,141.1
'38iis" 1f,99-o.6 
62:S-" j.~tt~
436:Y - 13,350.3 
124.4 3,856.8
·11·.,rs· 21)fa4".7

"775.6 .?~;94~:9-·a1s.:f ~§,?_9?&
29,407.8 

247,908.4 
948.6 

Monthly WWTP 
Accumulated Volume 

to be disposed of 

In 
Gallons 

u 
~~:~§?A 
102,523.1
_?:Q.~[f."1.
. 80,717.6 
~~-~~~:~ .. 
82,077.3 
?J.§~r~
87,944'.7 
92,770.0 
92,862.8 
98:,-i34.8' 

940,856.7 

In 
in/mo) 
1.20 
ci95 
1.06 

·0.73 
O.ifa 
0:'71 
(:i':85
0·_75· 
0.91 
0."96 
0."96 
f.61 

10.92 

Avg. Loading 
0.210 in/wk 

Actual Monthly 
Max. S ra lrri ation Rate 

0 <<== Check "Spray Factors Box" If any Factors OTHER than 1.00 used. 

«== Check "Factors Reset Box" to reset all Factors back to 1,00 

Max. Monthly Total Total 
lrrig. Monthly Storage 
Rate Accumul. Required 
orN Gallons anons) 
N 
N,__ 

0 
""ci 

399,964 
.. 4.9~_:t:t( 

N 
Y•r. 
v·· 
Y.. 
N 
~fr-.r 
N. 
N-

O 
51-;646

--w;:327 
26't:iA70 

. 269:207" 
285,524
··a1)MS. o..... 

6 
0 

6. 1'4452 
6.340~fa 
6.20032 

"',i.1332:f 
i19994" 
iiOOOOO --
6.60066 

. - . 0;·95343 
"1.91720. 
'i9fH6_6 

594,750
··:sil;'nff­

--66(fi5·1
·400,Mo·· 
""212,941
-->··"6' ---· 

. ""(i 

92;o/7(f
185,573_. 
'283,708 

1,057,113 

Ja_nu_ary 
F!!!ru._~ry 
March 
fP.~T~ 
May 
jul1e 
JuiY 
AUQi.iSt -
S8Pt"errib'8ioct~lfef _-"--
November 

December 
TOTAL= 

Daylight 
Hours 

divided 
b 12 
0.86-·o:as 
{03 
·1.09 

·-:r.22
-··1.22· -

1.24 -
fi6' 
f(fa""-
-~Jr: 
0.85 

0,84 

= acres 

WWTP Design Flow= 

Ratio 
Monthly 

lnnuentto 
Irrigation 

GPO 

Actual 
WWTP 

Monthly 
Irrigation 

Flow 
GPO 

2,217.0
t.?1tq 
g,?!X:9 

___ 2!217.0 
2,217.0
'?:2.ffQ 
2,2ff0 
2,217.0 
·2:21i.o 

.J.~)t(} 
. 2,217.0_ 

2,217.0 
2,217.0 

J_anuary
February 
March 
~[>iii'"
MSv"
June· 
~i,i-_-_, 
Augus_t 
S_ept61llb_e_r
9Ct0ber .. 
November 

December 

PAN 
Evaporation 

Data 

PAN 
Evap, Data 

X 
Mult. Factor 

In/mo) 
1.09 
f29 
2.51 
§:46 

-3.92
---.{30 

4.34-
s:ss·

---i14 
-~:?_']_ 
1.39 

1.00 

Allowable 
Irrigation 

Application 
Factor 

l 

Unfactored 
Monthly 
Spray 
in/mo 

0.00000 
6.06000 
0.00000 
6.53351 

- 6.9745:i' 
2.77363 

. 2.78125" . 
2.94983 
0.90858 
0:00000. -
ci.00066 

·0.00000 
10.92 

Factored 
Monthly 
Spray 
in/mo 

0.00000 
o.ooqa~q 
0.00000 

. Ci:5335{ -
6:97452 

-T7fa65"'· 
2.7if1:Ei'-: 
2.94983o:sosss·,­
o:"ooooo -
6.00i:i'Oci' 
ii66600 

10.92 

Constant 
Vertical 

Drainage 
in/mo) 
2.09 
raa 
2.09 
2.62

''"i09 
"f{5'2'

"'"i69' 
·2.09 -
·-2.cfa 
"':2.69 
2~02··· 

'"" 2.09. 

nc a 

Maximum 
Allowable 
Irrigation 
(lnfmo 

0.00 ·-o.oo 
0.00 

-'i:i:53 
"6.97 
"'!iii 
2.78 
3.27 
"ifa4 
-·o.oo 

,. o:oo· 
o:oo 
11.28 



Table 68, Water Balance: UNC Bin ham Input ==> Output=> 

Soil 2 - Secondary Effluent - 3556 GPO Total 

orn wa te otenttal Eva otrans iration Met o 

CalculatedHeat 
Index PET 

[2]<< == Check Box to use 
Thomthalte Method 

Limiting Soil Ksat = 
Drainage Coefficient= 
Kv=Ksa 

RainFall 
Infiltrating 

Soil 
(In/mo) 

January 4.93
~ebr-~~rv -3.J~ 
March 5.24 
_Aprtt· 3.73 

,i:89MaY
June 4~45

5.,fa.J~_iy 
4~26"~u9usi · 

~tlpte_n,~er 4.87 
. ,i15Ocf0b81' . 

November 3.52 
·3.313 

TOTAL= 365 52.57 0.00 52.57 
oecember· 

Results: 

a Y 
entered 

PET 
data 

Potential 
ET 

;.-.?;::.ili7&e;t~'IT9!filTqQti 

Potential 
ET 

in/mo) 
,0.20 

""6.36 

O.Or32 

Constant 
Vertical 

Drainage 
(in/mo) 

2.09 
1.88 
2.09 
2.62 
:fOS
:rn2 
f69 
2.09
:ro2 
2.69 
2.02 -
2.69" 

days of Storage 

vapora ion a (used for RainFall IN and Evaporation Out of Lagoon) 
Location of PAN Data: ~.11ijij(81.l!tt:1~Jt£'z:}!%o/lt,f:ct"#~Jf:~!;?';i;;,i~.st~J~t1ffl.]\%E'i,~f; 
Enter PAN Multlpllcatlon Factor: 1:W~JPJ;~;'l.~'!~~ «== 0.70 recommended 

Spray Irrigation Area = acres 
Lagoon Area 

nc a 

Maximum 
Allowable 
Irrigation 

(In/mo) 
0.00 

. 0.60 
0.00 
6.53 
0.97 
i77 

"":i78 
3.27 --o.w 
o:oo 
0]6 
0.06 
11.28 

Spray Irrigation Monthly Application Faetor b a forcing factor by wh!c-h the ~normally'' Actual Spray Irrigation Rate !s multlplied by, 

with the Storage Required being re-caleu!ated to account forth ls factor. 

Formulas: 

{Max. AUowab!e Irrigation} "' {ED ,. {Dra1nage) • {Rain) 

{Monthly Exc-es.s) (Max. Allowable Irrigation) • (Monthly Influent Waste Volume) 

where: (. Monthly Excess) water that must be stored Jn Storage Pond 

where: {,. Monthl Excess) extra water that ean be spray irri ated out of Storage Pond 

= acres 

WWTP Design Flow= GPO 

Ratio 
Monthly Actual 

Influent to WWTP 
Irrigation Monthly 

Irrigation 
Flow 

(GPO} 
1,339:0 
_1,!_~~~-Q 

_ 1,_339.0 
1,339.0 

.1,339.o 
__ 1,339.0_ 

1_,~~~:Q --
1,339.0
f,:fas.o·---

- ~'-~?-~-':! 
1,339.0 
1,339.0 
1,339.0 

PAN 
Evaporation 

Data 
Mult. Factor 

In/mo 

:!~,'!l;!"~!Y. 1.09
f.29 ·­Febru~ry 

March· -fiH 
April - "i4(f
~av_" - 3:!32:.,une­ -•i:30

---4.34··•J~Ji_.~ 
_Aug_ust :f9if -

'(13 
- :f24"" 
. :tfa 
5.26 
Ei"11 
5.45 
3.79 
2.·03· 

2.78 0.97 

1.10 0.37 
67.22 31.64 

Jamtary 
f!~!!'.~!Y :: . 
March 
!'Pr!!. 
~~\:'. 
June 

~-~h~-----
~UQ_!,tS~ ___ 

~-~~~~m!J:er 
October 
November 

December 
TOTAL= 

Daylight 
Hours 

divided 
b 12 
0.86 ·a.as 
"f.03 
(09
·1.22 
1..2.:f 
i.24 

... "{16 

1.63 
.9_:~? 
0.85 

0.84 

se_p_te·m1:ier
Q;J~~~r-.--
November 

December 

TOTAL= 

3j4
f?l 
1.39 

1.00 
32.52 

{2] ..:<== Check Box to account for Rain 
• Evap. in/out of Lagoon 

Actual "RainFall • ET" Monthly WWTP 
Accumulated Into/out of Accumulated Volume 

La oon Itself to be dis osed of 

;n InIn In 
In/mo)GPO ave.) Gallons)Gallons 
1.20925.6 28,693.2 70,20_2.2_ 
o:~·s~56~8 -1~;j?~.4_ ~?.._71_§:~ 

658.1 1.0620_,402.4_ f}_1i~11:4 
0.73 -"83.:i _2.499.9 ~!~~~-~ 0~83 -233'.5 7,238.6 ~~..!4?:? 

-1,134.3 ·05137.8 41,304.3 ·o:as·260:i:i 49,56ii"5~A~.f~~75.1 --o.752,328,3_ . 43;8iiij
4':3i3 12,939.9 0.91~;JQ~'.~. 

ii9Ef468:-2° 56,023.5
52s".1" o:ss-~§.i94?.-? ·-n51·572."'t". 59,262.2 

638,395.0 10.92 

Avg. Loading 

0.210 in/wk 

Max. 
Allowable Unfactored 
Irrigation Monthly 

Application Spray 
Factor In/mo) 

0.00000 
0.0QQQ9 
0.00000 
o:53351 

. 0·_97452 
"2.17363 
··2.1812s· 

2.94880 
- 0.90848 

0:00000 
0.00000· 
o:·00000 

10.92 

11!.?.!i§. 
.. 15,872.7 

17,753.2 

Actual Monthly 
Spra lrri ation Rate 

31 
·30 
3f' 

--30· 
:ff 
31 
30 

. :31 
- 3(f 
":'fi 

Average 
Monthly 

Rain 

Rainfall 
Excess 

0.00 

Factored 
Monthly 
Spray 
in/mo 

0.00000 
0.60000· 
0.00000 
·o.53351 

. 6.97452 
'2.77363 
2.78125 

.-_i:9488(f . 
'ii90848" -
·0.00000 
0.00006 
6.60000 

10.92 

Max. 
lrrig. 
Rate 
or N 
N 

.. "r,i " 

Monthly 
Monthly 

Accumul. 
Gallons 

0 
a· 
0 

"3(189
"5Ef9:76' 
16i{47 
16Z:592 
1'72;387
5if,1"f0

'cf·--

638,395 

Total 
Storage 

Required 
Inch 

4.13155 
-~'.6"?4_69_ 
6.14364 
6.34003 -

... 6.19937 
-4.13228 
·;2_.1939,( 

. 0.00666 
. ·0.00000 .. 

0.958ifa 
-- 1.91697 
--2.93069"-

Total Storage Required of 6.34 inches 

Notes: 

31.64 

276.8 

0 ..:..:== Check "Spray Factors Box" If any Factors OTHER than 1.00 used. 

D ..:<== Check "Factors Reset Box" to reset all Factors back to 1.00 

Total 
Storage 

Required 
allons) 

241,53,1
~2_9_?:2~$ 
359,157-
3i_O;_G_3_if. 

,., 362,416 
. '24{573 

128,550 .··o 
"i) --

•-·•- ·H:tosa56,024 

-~1'71,328 
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Project 
Project No. 

Date 

Wet Weather Storage Basin ( ~-/8J 
Stage-Storage Data 

Bingham Facilitl! Wastewater S)!stem Improvements 
1488-0032 

20-Jul-11 HWL 504.0 

Contour ID Stage 
I 

Area 
[sa. ft.] 

Area 
[acres] 

Incremental 
Area 

[sq. ft.] 

Incremental 
Area 

facres] 

Incremental 
volume 
[cu. ft] 

Incremental 
volume 
[acre-ft] 

Cumulative 
volume 
[cu. ft] 

Cumulative 
volume 
[gallons] 

Cumulative 
volume 
[acre-ft] 

493.5 0 7,963.81 0.183 7,963.810 0.183 0.000 0.000 0.000 0.000 0.000 
494 0.5 8,473.36 0.195 509.550 0.012 4,109.293 0.094 4,109.293 30,737.508 0.094 
495 1.5 9,535.27 0.219 1,061.910 0.024 9,004.315 0.207 13,113.608 98,089.784 0.301 
496 2.5 10,654.03 0.245 1,118.760 0.026 10,094.650 0.232 23,208.258 173,597.766 0.533 
497 3.5 11,829.94 0.272 1,175.910 0.027 11,241.985 0.258 34,450.243 257,687.814 0.791 
498 4.5 13,063.02 0.300 1,233.080 0.028 12,446.480 0.286 46,896.723 350,787.484 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 17,103.49 0.393 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 21,656.86 0.497 1,574.810 0.036 20,869.455 0.479 150,059.193 1, 122,442. 760 3.445 
505 11.5 23,288.67 0.535 1,631.810 0.037 22,472.765 0.516 172,531.958 1,290,539.042 3.961 
506 12.5 24,977.53 0.573 1,688.860 0.039 24,133.100 0.554 196,665.058 1,471,054.630 4.515 



Project 
Project No. 

Date 

Secondary Effluent Storage Basin 
Stage-Storage Data 

Bingham Facili!}'. Wastewater S:i'.stem lmerovements 
1488-0032 

20-Jul-11 HWL 482.0 

Contour ID Stage Area 
[sq. ft.] 

Area 
[acres] 

Incremental 
Area 

[SQ. ft.] 

Incremental 
Area 

[acres] 

Incremental 
volume 
[cu. ftl 

Incremental 
volume 
[acre-ft] 

Cumulative 
volume 
[cu. ft] 

Cumulative 
volume 
[aallons] 

Cumulative 
volume 
lacre-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 0.029 2,091.255 15,642.587 0.048 
478 3 1,999.74 0.046 513.110 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 6 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 27,709.575 207,267.621 0.636 
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Bingham Facility Wastewater 
System Improvements 

Orange County, NC 

~MCK!IVl&CREED 

@ Existing Monitoring Wells 

@ New Monitoring Wells 

Q Potable \/\/ells 

-- Sanitary Sewer 

-- Potable VVater Piping 

2-ft Contour 

-- 10-ft Contour 

==-= Effluent Forcemain 

- Fenceline 

---- Stream (survey) 

~ Streets 

-- lrrigationLayout 

- Compllance Boundary 

c:::a=- Review Boundary 

Wetlands (survey) 

Existing Building Footprints 

Existing Paved Area 

CJ Bingham Property Boundary 

05/2011 

1 !nch = 250 feet 

~--~"7 Orange County Parcels 

1···--•I Wel!Setback 

D 50' Setback 

[1 I[ 100' Setback

C:..j 150' Setback .,...,..... 
, i 200' Setback .......,. 

11 

•• '"........ ~ 400' Setback 

I,' ,' ] 500' Area of Interest 

.,CN-WNTP; CX-WvvTP 

Effluent Storage Basin 

CJ Irrigation Pump Station 

Wet Weather Storage Basin 

Habitable Residences Not Vvtthin 500 feet 

II.II Habitable Residences Within 500 feet 

Georgeville Soils 

Herndon Soils 

Revision 1 10/2011 

SJo~ 
..\,- ___ _.--- 526 -·· - . S<a" 

,,.J~~.J\ ····.,,_,.~( 

NCAC 6{a)and b) -Rev pt.em er , 
Troatm:mt 11,lg,rtion Mlnlin,m Ol!ltancc From M!n!rrum Distance from 

Oescri ion Unlts/Stor S em Troatmont Unitc/Sto e•• Ir · atlon S lent• 
Arrt h:ibitab!e residence or p!aoe ofpubic assembly 
ll!lder separate o'Mlersllip or not to be maintained 100feet 406 feet 400feet l20feet 
as attofthe · ctsite 
Arrthabitab!e residence or place ofpWfo assembly 
wder separate OWlership to be maintained as part 201 feet200/eet 
oflhe roectsite 
A rivate or ub~e water source 100feet 100 leet l25 feet 250 feet 
Surflltc Waters (streams- irltCrmitteot and pernnniaJ. 

50fueteiennialwaterbooies aodwellands 
G!ouodwater lowering ditches (whern the bottom of 
the dit<:h inter&e<.:IS the S 
Subwtt'ate roundwata1 IO'M!ri draina es terns 
Surface wale!' diversion,; (ephemeral streams, 
wateiwa .dit<:hes 

...-, , .l,,. rf,..,~ 
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