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Follow-up Comments from DWR

DWR Comment #6 Response — The marsh treatment area has not been removed from project plans as
stated. Sheet C11 continues to show the marsh treatment as a proposed feature. Please remove this
callout and associated design detail from the project plans. However, please note that while a BMP
cannot be installed in a jurisdictional area, DWR would support measures to fill or enhance the ditch
within the easement as long as it does not increase the risk of hydrologic trespass outside of the project
easement and the NS1 temp/perm impact is accounted for in the permit application impact table and
figure.

Re: Construction Drawing Sheet C11 has been revised to remove marsh treatment areas (Attached).

DWR Comment #13 Response — A follow-up to our first question, will one subcontractor firm be
responsible for performing annual vegetation monitoring (i.e., survey both wetland and stream
performance veg plots)? DWR is concerned with potential data inconsistencies if multiple entities are
tasked with field data collection and reporting of a single performance standard.

Re: Davey Resources will be performing all vegetation monitoring.

DWR Comment #15 Response — Additional veg plots have not been added to the monitoring figure and
table as stated. Please update Table 17 with two additional fixed veg plots and one additional random
veg plot for a total of 17 veg plots. If you opt not to show random veg plots on the monitoring figure 9,
please add a figure note identifying the total number of random veg plots to be monitored annually.

Re: A note has been added to the Figure 9 legend, stating there will be 17 total veg plots, 14 fixed
plots as depicted and 3 random veg plots with placement to be determined (Attached). Table 17 has
been updated.

DWR Comment #31 Response — This ditch is still shown as “to be filled” on Figure 6B as an action to
support the surrounding wetland reestablishment credit area. If this ditch is not proposed to be filled
and will tie-in to the stream restoration as indicated on Sheet C11, then the ditch footprint should be

removed from the wetland credit area and additional groundwater gauges should be installed along the
ditch to demonstrate that the drainage effect is not impacting abutting proposed wetland credit areas.

Re: Construction Drawing Sheet C09 has been revised to remove marsh treatment areas (Attached).

Since changes to tables, figures and project plans are needed, DWR requests that an updated Final
Mitigation Plan be uploaded to the Laserfiche project folder DWR# 20200712 v.1.

If there are any changes to the permit application impact table/figure, DWR will accept an email
response submittal of the updated table/figure.

Erin B. Davis, PWS (she/her/hers)
Stream & Wetland Mitigation Coordinator
Division of Water Resources

NC Department of Environmental Quality



CLEARWATER MITIGATION

S OL UTTITI O N S

September 9, 2022
Mr. Jeremiah Dow
NCDEQ Division of Mitigation Services

217 W. Jones Street, Suite 3000
Raleigh, NC 27603

Re: Cool Run— Mitigation Plan — Response to IRT Comments (DMS Project No. 100142)
USACE Action ID No. SAW-2020-01428 / DWR Project No. 20200712

Dear Mr. Dow,

Please find below the response to comments on the Cool Run Mitigation Plan provided by the IRT
July 12, 2022:

DWR Comments, Erin Davis:

1. Page 7, Section 2 — This section notes that “Cool Run is located within an area
subject to some of the highest rates of population growth in the country”. This is
helpful information to have, and to that end, please include a discussion of projected
future watershed and adjacent area land use. DWR encourages the consultation with
local/county planning agencies and NCDOT, as well as review of available planning
documents (e.g., comprehensive land use plan, community master plan) as due
diligence in assessing potential future watershed and adjacent land use changes that
may affect the long-term success of the project (e.g., risks of utility/roadway
encroachments and influx of sediment/nutrient inputs).

Re: The population of Brunswick County is expected to increase over 20% between
2020 and 2030. Brunswick County is considered to be the fastest growing county in
the state of North Carolina (www.census.gov). The population of Brunswick
County increased by 32.9% from 2010 to 2019. The Brunswick County Metro Area
(which includes Myrtle Beach) is the second fastest growing area in the country.
While areas around the Highway 17 corridor are experiencing explosive growth,
the areas north of the project are experiencing small to neutral growth. Areas
upstream of the project consists of managed agricultural lands or wetland areas
associated with the headwaters of the CawCaw Canal. While a northern route to
extend Interstate 31 in South Carolina from Little River, SC to Shallotte, NC has
been proposed, the final route has not yet been selected and is highly unlikely to
affect the project since a conservation easement has already been recorded.

2. Page 23, Table 11C — Would a goal of the project be to protect the resources in
perpetuity? If including performance criteria, please include the vigor standard, that
bankfull events shall be in separate years, and 30 consecutive days’ flow for the
intermittent reach. Also, please address the “to be determined” column for the final
mitigation plan.



Re: Table 10C has been updated to include vigor standard, bankfull events. To be
determined column has been removed as this is to be determined via annual
monitoring which has not yet occurred.

Page 26, Section 7.6 — Please clarify the discussion of the landowner in this

section. Is the risk of hydrologic trespass not expected because the landowner is ok
with increased hydrology beyond the easement on their land? How does the trespass
risk change if the property owner changes?

Re:

* A HEC RAS analysis was preformed. Results of the HEC-RAS analysis is
provided in Appendix F, and the risk of hydrologic trespass is not expected. There
is a transition to non-hydric sandy soil types along most of the conservation
easement boundary, adjacent to the agricultural field. There are crowned fields
with sloped drainage toward UT-1, as we do not expect these areas outside of the
conservation easement to re-establish wetlands due to existing and proposed
conditions.

* The project landowner also owns the upstream property and has been an integral
member and proponent of the project. The adjacent land owner to the west is also a
proponent of the project and has no intention of transferring property in the
immediate future.

* However, if the property were to change ownership, and a perimeter ditch along
the conservation easement were created, it would likely be a blind ditch with no
outlet due the appropriate outlet location being protected in the conservation
easement. If a ditch is created by a future owner, CMS will evaluate its affect on
adjacent wetland hydrology within the conservation easement boundary and adjust
wetland credits, if warranted.

Page 27, In-stream Structures —

Log cross-vanes are the only grade control structure proposed for intermittent reach
UT-1. DWR has observed log structures on intermittent reaches breaking down
before the end of the monitoring period. Are there any concerns about the long-term
stability of UT-1?

Re: Log cross-vanes along UT-1 are intended to provide instream habitat and
maintain their integrity for a sufficient period of time for vegetation to establish
along the banks UT-1. Once vegetation has established along UT-1, it should be
sufficiently stable to withstand erosive forces and provide necessary habitat.

Log vanes and cross-vanes are the only habitat structures proposed for this

project. Will these structures provide sufficient instream habitat enhancement uplift?

Clearwater Mitigation Solutions
604 Macon Place
Raleigh, NC 27609

919-624-6901
clearwatermitigation@gmail.com



While currently there are no instream habitat performance standards, DWR does
looks for evidence of instream habitat diversity and uplift during monitoring visits.

Re: Log cross-vanes will provide sufficient instream habitat until vegetation has
established. Once vegetation has established suitable leaf pack and debris will be
in the stream to provide necessary uplift to instream habitat.

6. Page 28, Table 12 — For UT-1, should the installation of the marsh treatment area
be listed?

Re: Kim Browning indicates in her comment #2 that the marsh treatment area
should not be installed in an RPW. Marsh treatment areas have been removed from
the project plans, figures, and text.

7. Pages 28-29, Sections 8.3 & 8.4 — Please confirm whether any grading is
proposed within wetland credit areas beyond ditch filling and stream channel/bench
excavation. If so, please include a brief description and proposed wetland grading
plan (color-coded to highlight areas to be graded greater than 12 inches).

Re: Grading in wetland areas greater than 12-inches is not proposed beyond ditch
filling and stream channel/bench excavation.

8. Page 29, Section 8.7 — Thank you for including this section. Please briefly
describe any proposed decompaction and/or surface roughness measures. How will
haul roads in proposed wetland credit areas be addressed? Is there any timber
bedding onsite? If so, are there any concerns with wetland uplift and seeded/planted
vegetation establishment?

Re: Haul roads within the project area will be disked or ripped prior to site planting.
There is no timber bedding on-site. There are no concerns with seeded/planted
vegetation establishment.

9. Page 30, Section 8.8 — Please use the most updated version available of Schafale.
Re: This has been updated in the text.

10. Page 30, Section 8.8.2 — Please list existing nuisance species observed onsite.

Also, a controlled burn was mentioned in the IRT site walk meeting minutes. Is this

activity still proposed?

Re: Observed invasive species are listed in the text (i.e. Chinese privet and
honeysuckle). Yes, a controlled burn is still proposed in some areas of thick under
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brush.

11. Page 31, Table 13 — DWR is ok with select species in Zone 1 being proposed at
greater than 20 percentage composition. However, please keep Zone 2 species
capped at 20 percent, and if need be please add/request substitutions.

Re: Species in Zone 2 are capped at 20 percent.

12. Page 31-32, Table 13A — Please add species wetland indicator status. Are there
any concerns with the high percentage of Juncus effusus seeding affecting woody
stem survival and growth?

Re: Wetland indicator Status has been added to the tables. There are no concerns
with Juncus effusus affecting woody stem survival. The permanent seed mix is only
targeted for use in disturbed/graded areas and not throughout the entire project area.
A note has been added to the table for explanation.

13. Page 32, Section 9.0 — Is vegetation monitoring considered wetland or stream
monitoring? Who will be responsible for inspecting the easement boundary? With
multiple monitoring firms, please take care to QA/QC annual monitoring reports to
ensure all required aspects are covered and presented in a consistent and unified
manner.

Re: Vegetation monitoring is considered wetland monitoring except in areas where
plots are located in non-creditable areas that are tied to stream performance (i.e.
within the stream bench and live stakes). DRG and AXE will both inspect the
easement boundaries when performing their respective monitoring tasks and will
collaborate with each other and with the Sponsor on any identified detriments to the
project. Both firms will be sure to collaborate and QA/QC all project deliverables.

14. Page 33, Table 15 —

Restored intermittent reaches must demonstrate a minimum 30 days’ consecutive flow
annually. Please add a flow gauge within the upper one-third of intermittent reach
UT-1.

Re: Flow gauge has been added to the figures and will be implemented during the
installation of monitoring devices.

15. Based on my calculations (2% of 22.71 planted acres with 0.0247 acre plots),

there should be 18 veg plots proposed. Veg plots are not limited to credit areas.
Please add one more fixed plot and two random plots.

clearwatermitigation@gmail.com



Re: Additional plots have been added to the figures and will be implemented during
the installation of monitoring plots.

16. Please make a table note of the two Mill Creek reference groundwater gauges
proposed for monitoring. Also, DWR requests two additional groundwater gauges
and a shifted location of GWG #6 (see figure mark-up). And please confirm that the
haul roads shown on Sheet EO3E will not impact installed gauges (e.g. #8, #9, #13).

Re: Table note has been added. Gauges have been added and GWGH#6 has been
shifted. It is not anticipated that the gauges will be impacted, however, if the
gauges need to be temporarily removed and re-installed after construction, that will
be implemented at the time of construction or prior to site bush hogging or burning.

17. Page 34, Section 9.1 — Please reference the 2016 NCIRT mitigation guidance
document.

Re: Reference has been added.

18. Page 35, Section 9.2 — Please note that some of the listed actions will require
IRT review as adaptive management and may need USACE/DWR permit
authorizations.

Re: The sentence has been updated to: “In the event that stream success criteria are
not fulfilled, a mechanism for contingency will be implemented and coordinated
with the IRT.”

19. Page 36, Beaver — Is there any concern that waiting until fall/winter to trap
beaver may result in further loss of vegetation and additional stream problem areas?

Re: CMS will engage a certified trapper to periodically monitor the site for beaver
activity and trap them if observed.

20. Page 36, Section 9.2.2 —

IRT consultation and approval will be necessary if any future earthwork is proposed.
Depending on the depth of proposed ephemeral pools, the credit ratio may change to
reflect wetland creation.

Re: Noted. At this time, no future earthwork is proposed
21. Please discuss potential risks associated with wetland credit extending along the

conservation easement boundary (e.g. encroachment, ditch creation immediately
adjacent).

clearwatermitigation@gmail.com



Re:

e CMS is in discussions with the land owner to construct a tractor deterrent fence
along the western edge of the conservation easement boundary, adjacent to the
agriculture field. At a minimum, 5-6” treated post will be installed as a visual
barrier and used to attached the Conservation Easement sign..

e Ifa perimeter ditch along the conservation easement were created, it would likely
be a blind ditch with no outlet due the appropriate outlet location being protected
in the conservation easement. If a ditch is created by a future owner, CMS will
evaluate its affect on adjacent wetland hydrology within the conservation
easement boundary and adjust wetland credits, if warranted.

22. Page 37, Section 9.2.3 — We recommend an additional sentence addressing any
identified cause for observed veg issue(s) (e.g. beaver trapping, soil amendments,
additional signage for encroachments). Also, is there is a risk of any wetland credit
area(s) becoming too wet to support tree establishment? If so, please discuss the
contingency of a wetland mosaic target with non- standard monitoring and
performance criteria for non-forested wetland types.

Re: Sentence updated. It is not anticipated that the site will become too wet to
support wetland tree establishment. If this were to occur, remedial action would be
coordinated with the IRT.
23. Page 38, Table 17 — Please confirm Table 17 and Table 10C are consistent.
Re: Tables have been updated and are consistent.
24. Page 39, Section 10 — DWR was glad to see a discussion on non-desirable
species management. Recolonization by loblolly pine and sweet gum affecting
planted stem density/vigor and wetland hydrology is a major concern for this site.
Re: An adaptive management plan will be coordinated with the IRT and

implemented if recolonization by early successional species affects the planted
stem density/vigor.

25. Figure 6B — Please show the second marsh treatment area called out on Sheet
Cl11.

Re: The second marsh treatment area has been removed from Sheet C11.

clearwatermitigation@gmail.com



26. Sheet CO1A — Please confirm whether riprap riffles and fencing are proposed
for this project. If so, please add typical details and show on plans.

Re: Rip rap riffles are not included, items removed from symbology sheet. Fence
symbology has been removed, however CMS is in discussions with the land owner
to construct a tractor deterrent fence along the western edge of the conservation
easement boundary, adjacent to the agriculture field.

27. Sheet CO2A — Please include a typical detail(s) for live stake and bareroot plant
installation.

Re: Details added to planting plan sheet (P-01).

28. Sheet C02C, Floodplain Interceptor — Please briefly describe the function of
proposed floodplain interceptors. Will these features be seeded and planted? The
minimum length along the stream channel is listed at 3 feet; what is the maximum
width into the bankfull bench/floodplain area?

Re: A The function is to provide stable transitions where flow may become
concentrated in the overbank floodplains. Floodplain interceptors are typically field
located during construction as these spill points are identified. These features will
be seeded and planted. The maximum width of 10 will be noted on detail.

29. Sheet CO5 — Figure 6A calls out a culvert crossing upgrade. If this activity is
being completed as part of this project, please include a typical detail and callout in
the design plans.

Re:

e There are no culvert crossing upgrades to be completed as part of this project.

e The adjacent landowner is upgrading an existing culvert and is not a part of this
project/permit. The length of the culvert will not change and it is a non-reporting
activity.

30. Sheet C06 — Please confirm all existing channels/ditches will be filled to meet
surrounding grade. Are proposed contour lines anticipated to follow the same sinuous
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pattern of the limits of grading lines?

Re:

» There Existing stream channels that are hatched and labeled as °Fill Existing
Channel’ are locations that the proposed stream project construction does not
impact the existing channel due to realignment location and the existing channel
needs to be filled.

* The proposed contours follow the limits of construction. Many times, the ‘long’

offset reflects the tie-in from the floodplain elevation to the natural ground being
flat, not wanting to put the proposed floodplain on a ‘shelf” with the natural ground.

31. Sheet C09 — If there is ditch filling east of Station 21+75, please add a callout.

Re: This ditch will not be filled. The tie-in for the ditch entering the stream
restoration will be field adjusted to flow into restoration.

32. Sheets C13-C16 — Please confirm these sheets are just showing the CE line and
existing contours.

Re: This is correct. The purpose of C13-C17 is to show the conservation easement
that does not show up on the stream design sheets.

33. EO02A — Is pond dewatering proposed for this project? Also, please update sheet
information to match the native seed mixes and dates included in Table 13A. Fescue
is NOT approved for application within the conservation easement.

Re: There is no pond dewatering proposed for this project, note will be removed
from construction sequence. An updated seeding table has been provided.

34. EO3E - Is vegetation removal proposed beyond the LOD lines on the east side
of the project? These areas are shown on Sheet PO1 as Planting Zone 2. DWR would
be concerned if mature loblolly pines were left within the conservation easement,
likely to become seed trees.

Re: There Mature loblolly pines in these areas will be removed and may hydroaxe
these areas if they are mostly smaller pines. The limits of disturbance have been
adjusted to the conservation easement line on the east side of the project.

35. General Design Comment — Lack of large woody debris was noted in Table 12,
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DWR encourages adding LWD to stream and wetland project features for habitat
enhancement.

Re: Woody debris will be added to wetlands and floodplains. No woody debris
will be added to the stream channel. Woody debris added to stream channels results
in erosive forces that, without vegetation, causes bank failures. In channel woody
debris will evolve over several years as vegetation and root mats grow within and
adjacent to channel banks.

36. DWR appreciates efforts made to enhance the proposed project by first and
foremost having no easement breaks (woohoo!), as well as including water quality
BMPs, areas of wetland buffer and species diversity over multiple planting zones.

Re: Thank you.

USACE Comments, Kim Browning:

1. Figures 6A and 12: Please ensure that the work being done outside the
conservation easement boundaries, upstream and downstream of the project where
you propose to tie into existing channels/ditches and upgrade an existing culvert, are
included in the PCN impacts.

Re: No work is proposed outside of the Conservation Easement boundaries. The
landowner is upgrading an existing culvert and is not a part of this project/permit.
The length of the culvert will not change and it is a non-reporting activity.

2. Figure 6B: A marsh treatment area is proposed in the area where there is
currently a ditch. If this area is currently a jurisdictional ditch, (i.e., meets the
definition of an RPW) it is not appropriate to place a BMP in a jurisdictional feature.
Please confirm that this ditch is not jurisdictional.

Re: Marsh treatment areas have been removed from the project plans, figures, and
text.

3. Figures 4A and 12: It appears that there is an existing wetland proposed for
rehabilitation that is located in the existing channel, on the north-west side of Cool
Run Upstream. Will this wetland have impacts due to stream relocation?
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Re: This wetland is located in the relic channel and outside of the proposed
floodplain bench. No impacts are proposed to this wetland.

4. Please label the stream reaches on Figures 6B, 9 and 12. Additionally, please label
each wetland area for easier reference (i.e., use the wetland labels from the PJD).

Re: These figures have been updated.

5. Figure 9:

a. The random veg plots should capture different wetland enhancement and
restoration areas each year. Agreed.

b. 2-3 additional veg plots should be added to make up 2% of the planted area.
These have been added to the figure.

C. An additional wetland gauge should be placed at the northwest edge of
the wetland reestablishment area near the bottom of the project. This has been
added to the figure.

d. Please show locations of fixed photo points. These have been added to the
figure.

e. A flow gauge should be located in the upper 1/3 of UT-1. This has been
added to the figure.

6. Table 4: The Regulatory Considerations section of this table should be located
in Section 7 to support the categorical exclusion discussion.

Re: This table has been moved to Section 7.

7. CE Documents and Section 7.0: Correspondence with Travis Wilson, WRC,
mentions a potential future NCDOT highway project in the area. Are there anticipated
future encroachments for this project?

Re: There are no known future encroachments to this project. While there are
several routes proposed for the northern extension of I-31, the route has not yet
been chosen.

8. Section 3.5.1: It would be helpful to include a table to summarize the gauge
data. This will be particularly important in monitoring reports to compare baseline
data with current data, to demonstrate hydrologic uplift.
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Re: A summary table has been added to the report.

9. Section 4.0: Please describe the vegetation for the reference stream?

Re: Vegetation of the reference stream has been added to the report.

10. Sections 4.2 & 8.8: Please use the updated version of the Guide to the Natural
Communities of North Carolina, Fourth Approximation, dated March 2012.

Re: The citation has been updated.

11. Table 10C:
a. Planted stems must have an average height of 7 feet in MY5 and 10 feet in MY7.

Re: The table has been updated.

b. Please indicate where existing drain tile is located and will be removed on
existing conditions map.

Re: This was an error and has been removed from the table.

12. Section 7.1:
a. Please include the RCW SLOPES determination key results. If a survey has not
been conducted yet, please include the results in the final mitigation plan.

Re: Results have been included in Appendix E.

b. Was a plan survey conducted for the Cooley’s Meadowrue and Rough-leaved
Loostrife during the appropriate time. Please elaborate in the text. Please note that
plant surveys typically have an expiration date of 18 months — 2 years and must be
conducted during the appropriate survey window. Please refer to the USFWS NC
Imperiled Plant Survey Windows publication.

Re: No it was not. The site has been subject to silvicultural and agricultural

management and production for many years. Suitable habitat for these species is
not present within the conservation easement.

13. Section 7.6: What is the potential for hydrologic trespass onto adjacent fields?
Stream restoration work may have an impact on the hydrology of the adjacent land,
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resulting in increased flooding and/or reestablishment of wetlands on those parcels.
Given that the soils and topography on the site do not immediately change at the
edge of the conservation easement, it seems logical that wetland reestablishment
right next to the property line will impact both sides of the boundary. There is also
no way of ensuring that the adjacent landowners will not construct new ditches
immediately adjacent to your project that would result in drainage of wetlands
restored on your site. With no guarantee that the adjacent parcel will not be
transferred to a different landowner in the future, this potential site constraint should
be discussed in the text.

Re:

« A HEC RAS analysis was preformed. Results of the HEC-RAS analysis is
provided in Appendix F, and the risk of hydrologic trespass is not expected. There
is a transition to non-hydric sandy soil types along most of the conservation
easement boundary, adjacent to the agricultural field. There are crowned fields
with sloped drainage toward UT-1, as we do not expect these areas outside of the
conservation easement to re-establish wetlands due to existing and proposed
conditions.

* The project landowner also owns the upstream property and has been an integral
member and proponent of the project. The adjacent land owner to the west is also a
proponent of the project and has no intention of transferring property in the
immediate future.

* However, if the property were to change ownership, and a perimeter ditch along
the conservation easement were created, it would likely be a blind ditch with no
outlet due the appropriate outlet location being protected in the conservation
easement. If a ditch is created by a future owner, CMS will evaluate its affect on
adjacent wetland hydrology within the conservation easement boundary and adjust
wetland credits, if warranted.

14. Figures 6A & 9: Please be prepared to provide photo documentation and
vegetative transects in the Priority 2 bench areas and the location of the old road
during monitoring.

Re: There is no old road present within the site. Bush hog lanes have been installed
during initial site recon which may look like a road on aerial photographs. A photo
station will be included along the P2 stream channel which will also capture images
of the Priority 2 bench area.

15. Section 8.8.1: The text states that planting will be performed between
December 1 and March 15 to allow plants to stabilize during the dormant period. This
seems contradictory to the proposed extended growing season in Section 9.1.1, which will
presumably begin in early February.
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Re: This was a typo from a mitigation plan from the mountains and piedmont
region. This has been removed from the text. Given the location of the site in the
southeastern portion of the Outer Coastal Plain, it is recognized that growing
seasons of this locale are often longer than the generalized March 1 to November
20 growing season dates. Soil temperature data for the Outer Coastal Plain often
demonstrate growing seasons beginning in early February and continuing into
December. Such observations are consistent with the Regional Supplement to the
Corps of Engineers Wetland Delineation Manual: Atlantic and Gulf Coastal Plan
Region (Version 2.0) which states, “there is evidence that soil temperatures are
above 410 F and soil microbial communities are active throughout the year in some
portion of the coastal plain region” (USACE 2010). As a result, the Provider will
be collecting on-site soil temperature data (via soil probes installed at 12 inches
below the soil surface) and will be collecting supplemental data of above-ground
growth and development of vascular plants (e.g. bud burst on woody plants,
appearance of new growth from vegetative crowns, or emergence of herbaceous
plants from the ground). The proposed start date of the growing season will be
based upon the presence of either soil temperatures (at 12 inches below the soil
surface) above 41o F or evidence of above-ground growth and development of
vascular plants (via the indicators identified above).

16. Table 13: It would be preferable to reduce the percent of Sycamore. You may
want to update some of the species after consulting the 4" Approximation since this
community type has been updated since the 3" Approximation.

Re: Zone 2 consists of areas higher in elevation and out of the small stream swamp
floodplain. It is associated with the edge of the larger floodplain along the small
stream. These communities are highly variable, and recognition of variants or
subtypes may be appropriate.

17. Table 16, Surface Flow: The text states that continuous surface flow must be
documented annually for at least 30 days. This only applies to intermittent streams.
The 30-day metric was established to show success in the Coastal Plain Headwater
guidance and was not intended to demonstrate success for intermittent flow.
Intermittent streams only dry seasonally and therefore should have flow or the
presence of water for periods much longer than 30 days. It is recommended that
cameras are also used to monitor flow for both consecutive days and cumulative
days.

Re: Cameras will be installed to document flow.

Clearwater Mitigation Solutions
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18. Section 9.1.1: Once you have established a growing season based on the
vegetative indicators and soil temperatures, please stick with those dates throughout
the life of the project for consistency. Ideally, this should have been established
during pre-monitoring data collection.

Re: Agreed

19. Section 9.2.2: It would be beneficial to add some coarse woody debris to the
depressional areas in the buffers and throughout the adjacent wetlands for habitat,
and to help store sediment, increase water storage/infiltration, and absorb water
energy during overbank events. Additionally, please confirm that ephemeral pools will
not exceed 14 inches and will dry seasonally.

Re: Woody debris will be placed throughout the project in depressions. Ephemeral
pools will not exceed 14 inches in depth. A sentence has been added to this section.

20. Since this project is adjacent to active agricultural lands, signage will be
important in the beginning of the project to establish visual boundaries for the
landowner. We recommend the use of horse-tape or some other visual barrier for
the first few years of monitoring.

Re: CMS is in discussions with the land owner to construct a tractor deterrent fence
along the western edge of the conservation easement boundary, adjacent to the
agriculture field. At a minimum, 5-6” treated post will be installed as a visual
barrier and used to attached the Conservation Easement sign.

21. Section 9.2.3: This section should discuss contingencies/adaptive management
strategies for controlling natural vegetative regeneration, particularly since there is
a seed source of red maple, loblolly pine and sweet gum.

Re: A sentence has been added to this section which states: ““ Refer to Section 10

for specific adaptive management in regards to the recruitment of early
successional species such as red maple, sweet gum, and loblolly pine.”

Please do not hesitate to contact me with questions at 919-624-6901.

Sincerely,

Kevin Yates
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DEPARTMENT OF THE ARMY
WILMINGTON DISTRICT, CORPS OF ENGINEERS
69 DARLINGTON AVENUE
WILMINGTON, NORTH CAROLINA 28403-1343

REPLY TO
ATTENTION OF:

CESAW-RG/Browning June 27, 2022

MEMORANDUM FOR RECORD

SUBJECT: NCDMS Cool Run Mitigation Project - NCIRT Comments during 30-day Mitigation Plan
Review, Brunswick County, NC

PURPOSE: The comments listed below were received during the 30-day comment period in
accordance with Section 332.8(g) of the 2008 Mitigation Rule in response to the Notice of NCDMS
Mitigation Plan Review.

USACE AID#: SAW-2020-01428

NCDMS #: 100142

NCDWR#: 2020-0712

30-Day Comment Deadline: April 27, 2022

DWR Comments, Erin Davis:

1.

Page 7, Section 2 — This section notes that “Cool Run is located within an area subject to some
of the highest rates of population growth in the country”. This is helpful information to have, and
to that end, please include a discussion of projected future watershed and adjacent area land
use. DWR encourages the consultation with local/county planning agencies and NCDOT, as well
as review of available planning documents (e.g., comprehensive land use plan, community
master plan) as due diligence in assessing potential future watershed and adjacent land use
changes that may affect the long-term success of the project (e.g., risks of utility/roadway
encroachments and influx of sediment/nutrient inputs).

Page 23, Table 10C — Would a goal of the project be to protect the resources in perpetuity? If
including performance criteria, please include the vigor standard, that bankfull events shall be in
separate years, and 30 consecutive days’ flow for the intermittent reach. Also, please address
the “to be determined” column for the final mitigation plan.

Page 26, Section 7.6 — Please clarify the discussion of the landowner in this section. Is the risk
of hydrologic trespass not expected because the landowner is ok with increased hydrology
beyond the easement on their land? How does the trespass risk change if the property owner
changes?

Page 27, In-stream Structures —

Log cross-vanes are the only grade control structure proposed for intermittent reach UT-1. DWR
has observed log structures on intermittent reaches breaking down before the end of the
monitoring period. Are there any concerns about the long-term stability of UT-17?

Log vanes and cross-vanes are the only habitat structures proposed for this project. Will these
structures provide sufficient instream habitat enhancement uplift? While currently there are no
instream habitat performance standards, DWR does looks for evidence of instream habitat
diversity and uplift during monitoring visits.



7. Page 28, Table 12 — For UT-1, should the installation of the marsh treatment area be listed?

8. Pages 28-29, Sections 8.3 & 8.4 — Please confirm whether any grading is proposed within
wetland credit areas beyond ditch filling and stream channel/bench excavation. If so, please
include a brief description and proposed wetland grading plan (color-coded to highlight areas to
be graded greater than 12 inches).

9. Page 29, Section 8.7 — Thank you for including this section. Please briefly describe any proposed
decompaction and/or surface roughness measures. How will haul roads in proposed wetland
credit areas be addressed? Is there any timber bedding onsite? If so, are there any concerns
with wetland uplift and seeded/planted vegetation establishment?

10.Page 30, Section 8.8 — Please use the most updated version available of Schafale.

11.Page 30, Section 8.8.2 — Please list existing nuisance species observed onsite. Also, a controlled
burn was mentioned in the IRT site walk meeting minutes. Is this activity still proposed?

12.Page 31, Table 13 — DWR is ok with select species in Zone 1 being proposed at greater than 20
percentage composition. However, please keep Zone 2 species capped at 20 percent, and if
need be please add/request substitutions.

13.Page 31-32, Table 13A — Please add species wetland indicator status. Are there any concerns
with the high percentage of Juncus effusus seeding affecting woody stem survival and growth?

14.Page 32, Section 9.0 — Is vegetation monitoring considered wetland or stream monitoring? Who
will be responsible for inspecting the easement boundary? With multiple monitoring firms, please
take care to QA/QC annual monitoring reports to ensure all required aspects are covered and
presented in a consistent and unified manner.

15.Page 33, Table 15 —

16. Restored intermittent reaches must demonstrate a minimum 30 days’ consecutive flow annually.
Please add a flow gauge within the upper one-third of intermittent reach UT-1.

17.Based on my calculations (2% of 22.71 planted acres with 0.0247 acre plots), there should be
18 veg plots proposed. Veg plots are not limited to credit areas. Please add one more fixed plot
and two random plots.

18.Please make a table note of the two Mill Creek reference groundwater gauges proposed for
monitoring. Also, DWR requests two additional groundwater gauges and a shifted location of
GWG #6 (see figure mark-up). And please confirm that the haul roads shown on Sheet EO3E
will not impact installed gauges (e.g. #8, #9, #13).

19.Page 34, Section 9.1 — Please reference the 2016 NCIRT mitigation guidance document.

20.Page 35, Section 9.2 — Please note that some of the listed actions will require IRT review as
adaptive management and may need USACE/DWR permit authorizations.

21.Page 36, Beaver — Is there any concern that waiting until fall/winter to trap beaver may result in
further loss of vegetation and additional stream problem areas?

22.Page 36, Section 9.2.2 —

23.IRT consultation and approval will be necessary if any future earthwork is proposed. Depending
on the depth of proposed ephemeral pools, the credit ratio may change to reflect wetland
creation.

24 Please discuss potential risks associated with wetland credit extending along the conservation
easement boundary (e.g. encroachment, ditch creation immediately adjacent).

25.Page 37, Section 9.2.3 — We recommend an additional sentence addressing any identified cause
for observed veg issue(s) (e.g. beaver trapping, soil amendments, additional signage for
encroachments). Also, is there is a risk of any wetland credit area(s) becoming too wet to support
tree establishment? If so, please discuss the contingency of a wetland mosaic target with non-
standard monitoring and performance criteria for non-forested wetland types.

26.Page 38, Table 17 — Please confirm Table 17 and Table 10C are consistent.

27.Page 39, Section 10 — DWR was glad to see a discussion on non-desirable species
management. Recolonization by loblolly pine and sweet gum affecting planted stem
density/vigor and wetland hydrology is a major concern for this site.

28.Figure 6B — Please show the second marsh treatment area called out on Sheet C11.



29.Sheet CO1A — Please confirm whether riprap riffles and fencing are proposed for this project. If
S0, please add typical details and show on plans.

30.Sheet CO2A — Please include a typical detail(s) for live stake and bareroot plant installation.

31.Sheet C02C, Floodplain Interceptor — Please briefly describe the function of proposed floodplain
interceptors. Will these features be seeded and planted? The minimum length along the stream
channel is listed at 3 feet; what is the maximum width into the bankfull bench/floodplain area?

32.Sheet C05 — Figure 6A calls out a culvert crossing upgrade. If this activity is being completed as
part of this project, please include a typical detail and callout in the design plans.

33.Sheet C06 — Please confirm all existing channels/ditches will be filled to meet surrounding grade.
Are proposed contour lines anticipated to follow the same sinuous pattern of the limits of grading
lines?

34.Sheet C09 - If there is ditch filling east of Station 21+75, please add a callout.

35.Sheets C13-C16 — Please confirm these sheets are just showing the CE line and existing
contours.

36.E02A — Is pond dewatering proposed for this project? Also, please update sheet information to
match the native seed mixes and dates included in Table 13A. Fescue is NOT approved for
application within the conservation easement.

37.EQ3E - Is vegetation removal proposed beyond the LOD lines on the east side of the project?
These areas are shown on Sheet PO1 as Planting Zone 2. DWR would be concerned if mature
loblolly pines were left within the conservation easement, likely to become seed trees.

38.General Design Comment — Lack of large woody debris was noted in Table 12, DWR
encourages adding LWD to stream and wetland project features for habitat enhancement.

39.DWR appreciates efforts made to enhance the proposed project by first and foremost having no
easement breaks (woohoo!), as well as including water quality BMPs, areas of wetland buffer
and species diversity over multiple planting zones.

USACE Comments, Kim Browning:

1. Figures 6A and 12: Please ensure that the work being done outside the conservation easement
boundaries, upstream and downstream of the project where you propose to tie into existing
channels/ditches and upgrade an existing culvert, are included in the PCN impacts.

2. Figure 6B: A marsh treatment area is proposed in the area where there is currently a ditch. If
this area is currently a jurisdictional ditch, (i.e., meets the definition of an RPW) it is not
appropriate to place a BMP in a jurisdictional feature. Please confirm that this ditch is not
jurisdictional.

3. Figures 4A and 12: It appears that there is an existing wetland proposed for rehabilitation that
is located in the existing channel, on the north-west side of Cool Run Upstream. Will this wetland
have impacts due to stream relocation?

4. Please label the stream reaches on Figures 6B, 9 and 12. Additionally, please label each wetland
area for easier reference (i.e., use the wetland labels from the PJD).

5. Figure 9:

a. The random veg plots should capture different wetland enhancement and restoration
areas each year.

b. 2-3 additional veg plots should be added to make up 2% of the planted area.

c. An additional wetland gauge should be placed at the northwest edge of the wetland
reestablishment area near the bottom of the project.

d. Please show locations of fixed photo points.

e. A flow gauge should be located in the upper 1/3 of UT-1.

6. Table 4: The Regulatory Considerations section of this table should be located in Section 7 to
support the categorical exclusion discussion.



7. CE Documents and Section 7.0: Correspondence with Travis Wilson, WRC, mentions a
potential future NCDOT highway project in the area. Are there anticipated future encroachments
for this project?

8. Section 3.5.1: It would be helpful to include a table to summarize the gauge data. This will be
particularly important in monitoring reports to compare baseline data with current data, to
demonstrate hydrologic uplift.

9. Section 4.0: Please describe the vegetation for the reference stream?

10.Sections 4.2 & 8.8: Please use the updated version of the Guide to the Natural Communities of
North Carolina, Fourth Approximation, dated March 2012.

11.Table 10C:

a. Planted stems must have an average height of 7 feet in MY5 and 10 feet in MY7.

b. Please indicate where existing drain tile is located and will be removed on existing
conditions map.

12.Section 7.1:

a. Please include the RCW SLOPES determination key results. If a survey has not been
conducted yet, please include the results in the final mitigation plan.

b. Was a plan survey conducted for the Cooley’s Meadowrue and Rough-leaved Loostrife
during the appropriate time. Please elaborate in the text. Please note that plant surveys
typically have an expiration date of 18 months — 2 years and must be conducted during
the appropriate survey window. Please refer to the USFWS NC Imperiled Plant Survey
Windows publication.

13.Section 7.6: What is the potential for hydrologic trespass onto adjacent fields? Stream
restoration work may have an impact on the hydrology of the adjacent land, resulting in increased
flooding and/or reestablishment of wetlands on those parcels. Given that the soils and
topography on the site do not immediately change at the edge of the conservation easement, it
seems logical that wetland reestablishment right next to the property line will impact both sides
of the boundary. There is also no way of ensuring that the adjacent landowners will not construct
new ditches immediately adjacent to your project that would result in drainage of wetlands
restored on your site. With no guarantee that the adjacent parcel will not be transferred to a
different landowner in the future, this potential site constraint should be discussed in the text.

14.Figures 6A & 9: Please be prepared to provide photo documentation and vegetative transects
in the Priority 2 bench areas and the location of the old road during monitoring.

15.Section 8.8.1: The text states that planting will be performed between December 1 and March
15 to allow plants to stabilize during the dormant period. This seems contradictory to the
proposed extended growing season in Section 9.1.1, which will presumably begin in early
February.

16.Table 13: It would be preferable to reduce the percent of Sycamore. You may want to update
some of the species after consulting the 4" Approximation since this community type has been
updated since the 3™ Approximation.

17.Table 16, Surface Flow: The text states that continuous surface flow must be documented
annually for at least 30 days. This only applies to intermittent streams. The 30-day metric was
established to show success in the Coastal Plain Headwater guidance and was not intended to
demonstrate success for intermittent flow. Intermittent streams only dry seasonally and
therefore should have flow or the presence of water for periods much longer than 30 days. Itis
recommended that cameras are also used to monitor flow for both consecutive days and
cumulative days.

18.Section 9.1.1: Once you have established a growing season based on the vegetative indicators
and soil temperatures, please stick with those dates throughout the life of the project for
consistency. ldeally, this should have been established during pre-monitoring data collection.

19.Section 9.2.2: It would be beneficial to add some coarse woody debris to the depressional
areas in the buffers and throughout the adjacent wetlands for habitat, and to help store
sediment, increase water storage/infiltration, and absorb water energy during overbank events.



Additionally, please confirm that ephemeral pools will not exceed 14 inches and will dry
seasonally.

20.Since this project is adjacent to active agricultural lands, signage will be important in the
beginning of the project to establish visual boundaries for the landowner. We recommend the
use of horse-tape or some other visual barrier for the first few years of monitoring.

21.Section 9.2.3: This section should discuss contingencies/adaptive management strategies for
controlling natural vegetative regeneration, particularly since there is a seed source of red
maple, loblolly pine and sweet gum.

Kim (Browning) Isenhour
Mitigation Project Manager
Regulatory Division
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1.0 PROJECT INTRODUCTION

The Cool Run Stream & Wetland Mitigation Site (hereafter referred to as the “Site”) encompasses
25.6 acres of disturbed forest and agricultural fields along Cool Run and Unnamed Tributaries
(UTs) to Cool Run. The project is located in Brunswick County, approximately five miles
southwest of the city limits of Shallotte, North Carolina and north of State Route 1316 (Old
Shallotte Rd NW (Figures 1 and 2, Appendix A).

1.1 Directions to Site

Directions to the Site from Raleigh, North Carolina.

Head east on 1-40 for 137 miles

Take the US 17 S exit to merge onto US 17 S toward Shallotte/Myrtle Beach
Continue on US 17 S for 30 miles and then turn right onto Old Shallotte Rd NW
Continue on OId Shallotte Rd NW for 3.7 miles and the Site will be on your right.
The Site can be accessed from the dirt road that leads into the agricultural fields.

0 Site Latitude, Longitude
33.970904, -78.472509

VVVYVYVY

1.2 USGS Hydrologic Unit Code and NCDWR River Basin Designation

The Site is located within a Targeted Local Watershed of the Upper Shallotte River 14-digit HUC
(03040207020060) of the Lumber River basin (Figure 2, Appendix A). Stream and wetland
mitigation areas are located along Cool Run and UTs to Cool Run (North Carolina Division of Water
Resources [NCDWR] subbasin number 03-07-59) [Figures 1 and 2, Appendix A]). Cool Run and
UTs to Cool Run have been assigned Best Usage Classifications of C; Sw (NCDWR 2013). Cool Run
is not listed on the final 2018 303d list (NCDEQ 2021).

1.3 Physiography, Geology, and Land Use

The Site is located within the Carolina Flatwoods of the Middle Atlantic Coastal Plain Ecoregion
(63h). In general, this ecoregion is characterized by nearly level coastal plain with less relief and
larger areas of poorly drained soils than the adjacent, higher elevation Southeastern Plains to the
west. The Carolina Flatwoods were covered by shallow coastal waters during the Pleistocene,
and the resultant terraces tend to consist of fine-loamy and coarse-loamy soils, with periodically
high water tables. Other areas have clayey, sandy, or organic soils, contributing to the region’s
plant diversity. The region is a significant center of endemic biota, with high biological diversity
and rare species compared to adjacent regions. Artificial drainage for forestry and agriculture is
common.

The Site is located within the Waccamaw Formation of the Coastal Plain (NCGS, 1985). The
Waccamaw Formation consists of fossiliferous sand with silt and clay. Onsite elevations range
from a high of 52 feet National Geodetic Vertical Datum (NGVD) at the upper reaches to a low of
approximately 38 feet NGVD at the Site outfall (USGS Shallotte, North Carolina 7.5-minute
topographic quadrangle) (Figures 1 and 3, Appendix A).
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Based on historic aerial photography, the Site has been in use for agriculture and silviculture since
at least the 1950’s. Cool Run appears to have been relocated and channelized in the late 1950’s,
and UT 1 appears to have been channelized prior to 1956.

The Site provides water quality functions to an approximately 1.68-square mile (1,074-acre)
watershed at the outfall; UT 1’s watershed is approximately 0.20-square mile (125 acres) (Figure
3, Appendix A). The watershed is dominated by silvicultural loblolly pine plantations. Impervious
surfaces account for less than 2 percent of the upstream watershed land surface.

Land use at the Site is characterized by silviculture and agriculture. The floodplain of Cool Run
has been historically modified and logged over the last several decades. The site was last logged
between 2016 and 2018. Riparian zones immediately adjacent to the channel (within 50 feet) are
primarily composed of sweetgum and red maple with understory species typical of drained sites
such as horse sugar, American beautyberry, dog fennel, and muscadine grape.

1.4 Project Components and Structure

The Site encompasses 25.6 acres of disturbed forest and agricultural fields along Cool Run and its
unnamed tributary (UT 1). In its current state, the Site includes 2,270 linear feet of channelized
and relocated stream channel (based on the approved PJD dated 02/025/2020), 2.89 acres of
degraded wetland, 17.46 acres of drained hydric soil (Figures 4A and 4B, Appendix A).

Proposed restoration activities include the construction of meandering, E/C-type stream channel
resulting in 2,028 linear feet of Priority | stream restoration, 592 linear feet of Priority Il stream
restoration, 14.108 acres of riparian wetland re-establishment, 1.433 acres of riparian wetland
rehabilitation, 1.201 acre of riparian wetland enhancement, and 0.492 acre of riparian wetland
preservation (Table 1) (Figures 6A-6B, Appendix A).

Completed project activities, reporting history, completion dates, project contacts, and
background information are summarized in Tables 1-4.
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Table 1. Project Components and Mitigation Credits
Cool Run Restoration Site

Existi Mitizati
. xisting itigation Mitigation Restoration Mitigation | Mitigation
Project Segment Footage/ | Plan Footage/ R . Comment
Category Level Ratio Credits
Acreage Acreage
Cool Run Upstream 1 591 592 Warm R* 1.500 394.667
Cool Run Upstream 2 567 427 Warm R 1.000 427.000
Cool Run Downstream 776 1000 Warm R 1.000 1000.000
uT1l 335 601 Warm R 1.000 601.000
Wetland Reestablish -- 14.108 NA Reestablishment 1.000 14.108
Wetland 1.433 1.433 NA Rehabilitation 1.500 0.955
Rehabilitation
Wetland 1.201 1.201 NA Enhancement 3.000 0.400
Enhancement
Wetland Preservation 0.492 0.492 NA Preservation 10.000 0.049
*Cool Run Upstream 1 is Restoration with an adjusted ratio (based on IRT comment and review).
. Stream Riparian Wetland Non-riparian Coastal
Restoration Level . L
Warm Cool Cold Riverine Nonriverine wetland Marsh
Restoration 2422.667 -- - -- -- -- --
Re-establishment -- -- -- 14.108 -- -- --
Rehabilitation -- -- -- 0.955 -- -- --
Enhancement -- -- -- 0.400 -- -- --
Enhancement | - - -- - - - -
Enhancement Il - - -- - - - -
Enhancement II* - - -- - - - -
Preservation -- -- -- 0.049 -- -- --
Totals 2422.667 - - 15.512 - - -
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Table 2. Project Activity and Reporting History

Cool Run Restoration Site

Data Collection Completion
Activity or Deliverable Complete or Delivery
Technical Proposal (RFP No. 16-20190201) October 2019 October 15, 2019

Institution Date (NCDMS Contract No. 20190201-01) --

November 13, 2019

Mitigation Plan

-- September 2022

Construction Plans

-- September 2022

Table 3. Project Contacts Table
Cool Run Restoration Site

Full Delivery Provider

Clearwater Mitigation Solutions
604 Macon Place

Raleigh, NC 27609

Kevin Yates

919-624-6901

Stream Designer

Axiom Environmental, Inc.
218 Snow Avenue
Raleigh, NC 27603

Grant Lewis
919-215-1693

Wetland Designer

Land Management Group/Davey Resource Group
3805 Wrightsville Avenue, Suite 15

Wilmington, NC 28403

Wes Fryar

910-452-0001 x1927

Table 4. Project Attribute Table
Cool Run Restoration Site

Project Information

Project Name

Cool Run Mitigation Site

Project County

Brunswick County, North Carolina

Project Area (acres) 25.6
Project Coordinates (latitude & latitude) 33.970904, -78.472509
Planted Area (acres) 22.71

Project Watershed Summary Information

Physiographic Province

Coastal Plain

Project River Basin Lumber
USGS HUC for Project (14-digit) 03040207020060
NCDWR Sub-basin for Project 03-07-59
Project Drainage Area (acres) 1,074
Percentage of Project Drainage Area that is
. <2%
Impervious
Land Use Agriculture/Silviculture/Hardwood Forest
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Table 4. Project Attribute Table
Cool Run Restoration Site (continued)

Parameters Cool Run Upstream Cool Run Downstream uT1
of UT 1 confluence of UT 1 confluence
Length of reach (linear feet) 1158/1020 776/1000 335/601
Existing/Proposed
Valley Classification &
Confinement (A = Alluvial and A, UC A, UC A, UC
UC = Unconfined)
Drainage Area (acres) 911 1074 125
NCDWR Stream ID Score - - 27.5
Perennial, Intermittent,
Per Per Int
Ephemeral
NCD\{V'R Water Quality C sw C sw C sw
Classification
Stream Thermal Regime Warm Warm Warm
Existing Morphological
Description (Rosgen 1996) E/GS Eg > Eg >
Proposed Stream cs cs cs
Classification (Rosgen 1996)
Existing Evolutionary Stage " " f
(Simon and Hupp 1986)
Underlying Mapped Soils Muckalee Muckalee Lumbee (Goldsboro — NRCS)
Drainage Class Poorly Poorly Poorly (Moderately well)
. . . . Hydric (Nonhydric with

Hydric Soil Status Hydric Hydric hydric inclusions)
Valley Slope 0.0026 0.0031 0.0103
FEMA Classification NA NA NA

Native Vegetation Community

Coastal Plain Small Stream Forest (Blackwater Subtype)/Bottomland Hardwood Forest

Watershed Land Use/Land
Cover (Site)

87% forest, 11% agricultural land, <2% low density residential/impervious surface

Watershed Land Use/Land

Cover (Cool Run Reference 100% forest
Channel)
Percent Composition of Exotic

<5%

Invasive Vegetation
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Table 4. Project Attribute Table
Cool Run Restoration Site (continued)

Wetland Summary Information

Parameters Wetlands
Wetland acreage (existing) 3.33 acres
Wetland acreage (proposed) 17.2 acres

Wetland Type

Riparian riverine

Mapped Soil Series

Muckalee, Lynchburg, Baymeade, Goldsboro, Rains, Lumbee

Drainage Class

Well drained to Poorly drained

Hydric Soil Status

Non-hydric and Hydric

Source of Hydrology

Groundwater, stream overbank

Hydrologic Impairment

Incised streams and ditches

Native Vegetation Community

Small Stream Swamp/Bottomland Hardwood Forest

% Composition of Exotic Invasive Vegetation

<5%

Restoration Method Hydrologic and Vegetative

Enhancement Method Vegetative

2.0 WATERSHED APPROACH AND SITE SELECTION

The Site is located within USGS 14-digit hydrologic unit and Targeted Local Watershed
03040207020060 of the Lumber River basin. The following watershed planning documents were
reviewed to determine primary stressors and recommended management strategies within the
watershed:

e Lumber River Basinwide Water Quality Plan (2010)
e Lockwoods Folly Local Watershed Plan (2005)
e Lumber River Basin Restoration Priorities (2008)

Lockwoods Folly Watershed exhibits water quality impairments associated with low dissolved
oxygen (DO). In addition, surface waters in this area are susceptible to high nutrient
concentrations (N and P) that manifest from non-point source loading associated with intensive
agricultural and forestry land-use practices. Sediment loading (associated with silvicultural and
agricultural drainage) is prevalent throughout the watershed. These impairments tend to be
exacerbated by direct disturbances to streams and wetlands (such as prior channelization of
streams and historic drainage of wetlands). The cumulative effects of such practices result in
diminished nutrient uptake and nutrient/sediment loading to down-gradient waters. Cool Run is
located within an area subject to some of the highest rates of population growth in the country.
The population of Brunswick County is expected to increase over 20% between 2020 and 2030.
Brunswick County is considered to be the fastest growing county in the state of North Carolina
(www.census.gov). The population of Brunswick County increased by 32.9% from 2010 to 2019.
The Brunswick County Metro Area (which includes Myrtle Beach) is the second fastest growing
area in the country. While areas around the Highway 17 corridor are experiencing explosive
growth, the areas north of the project are experiencing small to neutral growth. Areas upstream
of the project consists of managed agricultural lands or wetland areas associated with the
headwaters of the CawCaw Canal. While a northern route to extend Interstate 31 in South
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Carolina from Little River, SC to Shallotte, NC has been proposed, the final route has not yet been
selected and is highly unlikely to affect the project since a conservation easement has already
been recorded. Rapid growth and development have presented a suite of additional stressors to
water quality within the watershed, including run-off associated with increased impervious
cover. While forest remains the dominant land cover at over 34%, the Long Bay Subbasin is the
most impervious subbasin in the Lumber River Basin (NC DENR 2010).

Management strategies suggested by the aforementioned planning documents include:
e encouraging low impact development
e developing strong stormwater BMP requirements
e restoring/stabilizing streams
e protecting and improving existing buffers
e restoring degraded wetlands

Available mapping was used to evaluate land within the watershed and locate properties that
exhibited stressors identified in the watershed planning documents. The Site was ultimately
selected because it provides an opportunity to protect and restore streams, wetlands, and
riparian buffers located on a property that has high potential for continued agricultural and
silvicultural use. On-site streams and wetlands are severely degraded due to past human
alterations associated with agricultural and silvicultural operations. The proposed mitigation
project supports goals and recommendations established in the planning documents by restoring
existing degraded streams and wetlands, stabilizing channel banks, and reducing point and non-
point source pollution. These actions will reduce pollutant inputs to project streams and wetlands
and increase high quality aquatic, semi-aquatic and terrestrial habitat.

Site specific mitigation goals and objectives have been developed through the use of North
Carolina Stream Assessment Method (NC SAM) and North Carolina Wetland Assessment Method
(NC WAM) and are discussed further in Section 6.0 (Functional Uplift and Project
Goals/Objectives).

3.0 BASELINE AND EXISTING CONDITIONS

3.1 Soils and Land Form

Onsite soils consist of very poorly drained loams in drainageways to moderately well-drained
loamy sands along convex stream terraces (refer to Figures 10A-10B).  Mapped soil series
occurring on the site and their associated properties are summarized in Table 5. Areas proposed
for stream and riparian wetland mitigation occur within the poorly drained Muckalee loam and
Lumbee fine sandy loam soil series. These hydric soils have been effectively drained by stream
channel incision and ditching. Profile descriptions of on-site soil borings (prepared by a NC
Licensed Soil Scientist) are provided in Appendix A.
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Table 5. Summary of Mapped Soil Series

Ma.p . . Landscape Position and Hyd.rlc
Unit Series Name Drainage Class Landform Soil
Symbol (Y/N)
Bavmeade fine sand Uplands of lower to upper
BaB ylto 6% slopes Well Drained Coastal Plain N
°slop (1 to 12% slopes)
Goldsboro fine Moderately Marine terraces and upland§ of
GoA sandv loam Well Drained lower to upper Coastal Plain N
¥ (0 to 2% slopes)
Lynchburg fine sandy Somewhat Marine terraces and upland§ of
Ly . lower to upper Coastal Plain N
loam Poorly Drained

(0 to 2% slopes)

Floodplains of streams
Mk Muckalee loam Poorly Drained in the Coastal Plain Y
(less than 2% slope)

Convex interstream divides in

On Onslows;c;a:jmy fine V'\\//leolld;::;csleyd the lower Coastal Plain N
(0 to 3% slopes)
Stream terraces and flats in the
L Lumbee fine sandy Poorly Drained lower and middle coastal plain v

river valleys
(0 to 2% slopes)

loam

3.2 Sediment Model

Sediment load modeling was performed using methodologies outlined in A Practical Method of
Computing Streambank Erosion Rate (Rosgen 2009) along with Estimating Sediment Loads using
the Bank Assessment of Non-point Sources Consequences of Sediment (Rosgen 2011). These
models provide a quantitative prediction of streambank erosions by calculating Bank Erosion
Hazard Index (BEHI) and Near-Bank Stress (NBS) along each Site reach. The resulting BEHI and
NBS values are then compared to streambank erodibility graphs prepared for North Carolina by
the NC Stream Restoration Institute and NC Sea Grant.

Streambank characteristics involve measurements of bank height, angles, materials, presence of
layers, rooting depth, rooting density, and percent of the bank protected by rocks, logs, roots, or
vegetation. Site reaches have been measured for each BEHI and NBS characteristic and predicted
lateral erosion rate, height, and length to calculate a cubic volume of sediment contributed by
the reach each year. Data output is presented in Appendix B and results of the model are
presented in the following table.
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Table 6. BEHI and NBS Modeling Summary

Stream Reach Proposed Mitigation Treatment Pre.d |ct'ed Sediment
Contribution (tons/year)
Cool Run Restoration 7.2
uT1l Restoration 23.6
Total Sediment Contribution (tons/year) 30.8

Based on this analysis, mitigation of Site streams will reduce streambank erosion and subsequent
pollution of receiving waters.

3.3 Nutrient Model

A preliminary land use nutrient model was developed for the Site. The model uses estimates of
nitrogen and phosphorus inputs from livestock (USDA 2015 and USDA 1992), nutrient
management for typical fields, pasture, and hay crops in North Carolina (NC State 2016), and
nutrient inputs for urban areas (SMRC 2016). Model inputs include Site area, percent land use,
rainfall, number and species of livestock, and row-crop type. Using published values of nitrogen
and phosphorus, the model predicts the nutrient input of fertilizer and/or waste generated by
livestock associated with land use. A copy of the model input and output is presented in Appendix
B.

Based on the land use nutrient model, cessation of land use activities at the Site may directly
reduce 31 pounds of nitrogen and 54 pounds of phosphorus per year.

3.4 Project Site Streams

Streams targeted for restoration include Cool Runand a UT to Cool Run, which have been cleared,
moved to the edge of the floodplain, dredged and straightened, and receive extensive sediment
and nutrient inputs from bank erosion and agriculture inputs. Although much of the Site is
characterized by dense, primary successional vegetation that provides for bank stabilization,
approximately 29 percent of the existing stream channel has been degraded contributing to
sediment export from the Site. In addition, streamside wetlands have been cleared and drained
by channel downcutting, ditch installation, and land uses. Current Site conditions have resulted
in degraded water quality, a loss of aquatic habitat, reduced nutrient and sediment retention,
and unstable channel characteristics (loss of horizontal flow vectors that maintain pools and an
increase in erosive forces to channel bed and banks). Site restoration activities will restore riffle-
pool morphology, aid in energy dissipation, increase aquatic habitat, stabilize channel banks, and
greatly reduce sediment loss from channel banks.
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Reach Descriptions

Individual reach descriptions are as follows:

Cool Run Upstream from the UT 1 Confluence

The upstream reach of Cool Run has been dredged and straightened through a series of timber

tracts. Asthe dredged channel

upstream length. A narrow fringe of trees, primarily
sweet gum (Liquidambar styraciflua) was left
adjacent to the canal, presumably as best
management practices by the foresters.

nears the Site, the ditch extends to approximately 8 feet in depth
and drains a relatively mature, but disturbed riparian forest. The
channel exits the forest and enters a timbered floodplain flat (last
logged in late 2016 or early 2017) that is in the early successional
stages of regeneration. The ditched channel enters the Site on
the left-hand margins of the floodplain, adjacent to a
neighborhood, and then crosses the floodplain to the right-hand
margins of the floodplain adjacent to agriculture fields. The
channel is approximately 3.5 to 4.0 feet in depth throughout the
upper reaches. Spoil from ditch excavation has been cast on the
left bank of the
ditched channel and
currently supports a
dirt road in farthest

Vegetation is primarily characterized by sweetgum (Liquidambar styraciflua), loblolly pine (Pinus
taeda), ink berry (llex glabra), red bay (persea borbonia), blackberry (Rubus argutus), highbush
blueberry (Vaccinium corymbosum), red maple (Acer rubrum), American holly (/lex opaca), and
magnolia bay (Magnolia virginiana).

Cool Run Downstream from the UT 1 Confluence

Like the upstream reach, Cool Run downstream from the UT 1 confluence has been dredged and

straightened. The valley is relatively wide and flat,
and the channel has been pushed to the right
margins of the valley. A historic channel meanders
down the wvalley and currently supports
jurisdictional  wetland pockets within the
abandoned depressional feature. The entire
floodplain is a dense thicket of successional
vegetation that is largely composed of vegetation
listed above. The dredged channel is currently 3 to
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4 feet in depth and 17 to 20 feet in width at the top of bank. Spoil has been piled adjacent to the
dredged channel, isolating hydrology in agriculture fields from the large successional valley.

UT1

UT 1 starts upstream from the Site as an
agriculture field ditch that is approximately 3 feet
deep at the Site boundary and extends across the
Site, converging with Cool Run at the margins
between agriculture fields and successional
floodplain. The channel scores as intermittent
(NCDWQ Form Score of 27.5). As the channel
descends its valley towards its convergence with
Cool Run, the depth increases to 4 feet. Both
banks are characterized by row crops and are regularly plowed and treated with agriculture
chemicals/biosolids.

3.4.1 Existing Conditions Survey

Site stream dimension, pattern, and profile were measured to characterize existing channel
conditions. Locations of existing stream reaches are depicted in Figure 4A (Appendix A). Stream
geometry measurements under existing conditions are summarized in Table 7 (Essential
Morphology Parameters) and presented in detail in Table B1 (Appendix B).
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Table 7. Essential Morphology Parameters

Existing Reference Proposed
Parameter Cool Run Cool Run U Cool Cool Run Cool Run s
Upstream Downstream Run Upstream Downstream
Valley Width (ft) 12 24 6 100 100 100 50
Contributing Drainage Area (sg. mi.) 1.42 1.68 0.20 1.23 1.42 1.68 0.20
Channel/Reach Classification E/G5 Eg5 Eg5 C5 C5 C5 C5
Design Discharge Width (ft) 6.1-7.8 9.5-10.8 3.1-3.9 12.5-14.7 13.4-14.8 14.2-15.8 5.4-6.2
Design Discharge Depth (ft) 1.7-1.7 1.1-1.3 0.6-0.8 0.7 0.7-0.8 0.8 0.4
Design Discharge Area (ft?) 10.5 11.9 24 9.5 10.5 11.9 24
Design Discharge Velocity (ft/s) 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Design Discharge (cfs) 9.9 11.2 2.2 8.9 9.9 11.2 2.2
Water Surface Slope 0.0025 0.0030 0.0101 0.0016 0.0020 0.0024 0.0086
Sinuosity 1.04 1.02 1.02 1.32 1.30 1.30 1.20
Width/Depth Ratio 3.6-5.6 7.3-9.8 3.9-6.5 19.4 19 19 14.0
Bank Height Ratio 1.8-1.9 1.8-2.6 2.9-4.3 1.0 1.0 1.0 1.0
Entrenchment Ratio 1.5-1.8 1.7-3.2 1.3-2.7 7.4 3.7-10.1 3.5-9.5 4.7-12.1
Substrate Sand Sand Sand Sand Sand Sand Sand
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3.4.2 Channel Classification and Morphology

Stream geometry and substrate data have been evaluated to classify existing stream conditions
based on a classification utilizing fluvial geomorphic principles (Rosgen 1996). Existing Site
reaches are classified as unstable EG-, and Eg-type streams with very low sinuosity. Existing Site
reaches are characterized by sand substrate.

3.4.3 Channel Evolution

Site streams targeted for restoration have been ditched and dredged resulting primarily in
channels classified as constructed (Stage Il) channels throughout the Site (Simon and Hupp 1986).
The natural progression of Stage Il channels is to proceed through a degradation/downcutting
stage (Stage lll) and then degradation and widening stage (Stage IV); however, the low slope
nature of the Site and dense, successional vegetation appears to have slowed or eliminated
further channel evolution.

3.4.4 Valley Classification

Site Streams are situated in Valley Type VIII (Rosgen 1996) which are identified by the presence
of multiple river terraces positioned laterally along broad valleys with gentle, down-valley
elevation relief. Alluvial terraces and floodplains are the predominant depositional landforms.
Site valley slopes are typical for the Coastal Plain region and range from 0.0026 on the upper
reaches of Cool Run and 0.0103 on the slopes of UT 1 as it enters the Cool Run floodplain. Typical
streams in this region include C- and E-type streams that are slightly entrenched, meandering
channels with a riffle-pool sequence.

Geologically, the Site is underlain by the Waccamaw Formation which is composed of
fossiliferous sand with loosely consolidated silt and clay. This geologic formation typically
promotes alluvial, unconfined valleys that comprised of deep sands.

3.4.5 Discharge

This hydrophysiographic region is characterized by moderate rainfall with precipitation averaging
approximately 54.8 inches per year (USDA 1986). Drainage basin sizes range from 0.20-square
mile on UT 1 and 1.68 at the Site outfall.

The Site’s discharge is dominated by a combination of upstream basin catchment, groundwater
flow, and precipitation. Based on indicators of bankfull at reference reaches and on-Site, the
designed channel will equal the channel size indicated by Coastal Plain regional curves (Sweet et
al. 2003); this is discussed in Section 5.2 (Bankfull Verification). Based on bankfull studies, the
bankfull discharge ranges from 2.2 cubic feet per second for UT 1, and 11.2 cubic feet per second
for the Site outfall.

3.5 Project Site Wetlands

Jurisdictional wetlands/hydric soils within the Site were delineated in the field following
guidelines set forth in the 1987 Corps of Engineers Wetlands Delineation Manual and
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subsequent2010 Regional Supplement to the Corps of Engineers Wetland Delineation Manual:
Atlantic and Gulf Coastal Plain Region (Version 2.0). A jurisdictional wetland delineation was
completed and approved by United States Army Corps of Engineers (USACE) representative
Jordan Jessup. Written confirmation of the determination is included in Appendix D. Existing
jurisdictional wetlands and drained hydric soils are depicted on Figure 4A (Appendix A).

3.5.1 Hydrological Characterization

Based upon mapped soil units and landscape position of the Site, it is likely that much of the Site
historically exhibited elevated groundwater levels at or near the surface, particularly in those
areas consisting of poorly drained soil series. Based upon field investigations, it is evident that
site hydrology has been significantly altered as a result of prior land use practices. Hydrological
impairment in drained soils has resulted from lateral draw-down of the water table adjacent to
existing, incised stream channels and ditches. The degree of hydrologic impacts varies with
location on the property. Portions of the floodplain east and slightly upgradient of Cool Run
continue to exhibit wetland hydrology; however, these areas exhibit altered vegetative structure
due to previous silvicultural practices. In addition, existing and drained wetlands are also
impacted by a toe-slope ditch which intercepts surface water runoff and disconnects wetlands
upslope from wetlands in the floodplain.

In addition to the identification and use of field indicators, site hydrologic investigations have
included installation and monitoring of 15 shallow groundwater monitoring gauges (Appendix F).
These gauges were installed November 4 and November 5 (2020) and have been collecting data
continuously since that time (daily intervals). In conjunction with field indicators, hydrologic data
from monitoring gauges has been utilized to assist with determining appropriate mitigation types
(i.e. preservation, enhancement, or restoration). All pre-construction gauges except for gauge #6
will remain in the same locations post-construction. Gauge #6 will be re-located to the East side
of the project per DWR request to avoid being located within the bench of the post-construction
channel.

When analyzing recorded gauge data, a concurrent analysis of precipitation normalcy was
performed. This analysis is performed using the standardized methodology of the U.S. Army
Corps of Engineers Antecedent Precipitation Tool (APT). The APT uses daily rainfall data and
calculates running totals for each of the 30-day periods preceding the observation date. For each
period, a weighted condition value is assigned by determining whether the 30-day total falls
within, above, or below the 30t to 70t percentiles of precipitation totals for the same date range
over the preceding 30-years. The APT was ran for each day of recorded gauge data to calculate a
final precipitation normalcy index score.

Based upon review of the final APT precipitation normalcy index scores, January 8 (2021) through
March 20 (2021) and July 20 (2021) through September 1 (2021) exhibited wetter than normal
conditions. Analysis of recorded gauge data from November 6 (2020) to October 4 (2021) indicate
that only two gauges (gauges #14 & #15) exceeded the proposed wetland success criteria of 36.36
days (12%) during normal precipitation conditions, which equated to 43 days and 48 days,
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respectively (Table 8). Both gauges are installed in current wetland areas. Gauges #1, #2, #4, #5,
and #6 recorded groundwater data sufficient to meet the proposed wetland success criteria of
36.36 days (12%) but only during periods of wetter than normal APT index scores. During normal
precipitation conditions, these wells exhibited hydroperiods of 7-days, 17-days, 6-days, 19-days,
and 10-days, respectively. Gauge #5 is installed within a current wetland area.

Table 8. Summary of Hydrologic Monitoring (Nov 6 (2020) — Oct 4 (2021))

Longest Number Dates of Longest Number 12%
Of Consecutive i
Days Meetin of Consecutive Days Percentage Succes
Well Y 9 Meeting Wetland g S >12 - 25-
Wetland - of Growing o >75%
Number Hydrology Criteria Hydrology Criteria - Criteria 25% 75%
bunglomal | St 21 s we
Conditions P y
0,
1 7 Sept 21 — Sept 28 2:3% No - - -
0,
2 17 Mar 21 — Apr 6 5.6% No - - -
0,
3 6 Sept 21 — Sept 27 2.0% No - - -
1.7%
4 5 Sept 21 — Sept 26 No - - -
0,
5 19 Mar 21 — Apr 8 6.3% No - - -
0,
6 10 Sept 21 — Sept 30 3.3% No - - -
Nov 13 (2020) & Sept 0.3% _ “ i
7 1 23 (2021) No
0,
8 2 Sept 22 — Sept 23 0.7% No - - -
Nov 13 (2020) & Nov 1.3% _ “ i
9 4 16 (2020) No
0,
10 1 Sept 23 0.3% No - - .
Nov 12 — Nov 18 2.3% _ “ i
" 7 (2020) No
Nov 12 — Nov 18 2.3% _ _ ~
12 7 (2020) No
0,
13 6 Nov 12 — Nov 17 2.0% No - - -
0,
14 43 Mar 21 — May 2 142% | yes | X - .
0,
15 48+ Mar 21 — May 7 158% | yes | X - .

* - the last 13 days of this consecutive period exhibited drier than normal conditions
** - the last 18 days of this period exhibited drier than normal conditions

Site-specific soils information, current drainage conditions, and geomorphological data were
used to perform DrainMod computer modeling. DrainMod is a field-scale hydrologic model
originally developed for the design of subsurface drainage systems. Its application is now widely
used for the purposes of evaluating lateral drainage effects of existing ditches and modeling for
wetland restoration purposes. The model incorporates long-term climatological data in
conjunction with site-specific model inputs. DrainMod results indicate that approximately 14.11
acres within the Site have been effectively drained and are suitable for wetland reestablishment
(as depicted on Figure 6B, Appendix A). Out of the twelve (12) gauges that were modeled (three
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occur in current wetland areas and were not modeled), none met the target wetland success
criteria (12% of the growing season) under current ditched conditions. DrainMod results post-
construction show all twelve (12) gauges meeting the target wetland success criteria in at least
16 out of 30 years. The DrainMod results support the current jurisdictional determination and
align with the proposed wetland credit areas. Refer to the monitoring gauge hydrographs and
DrainMod assessment provided in Appendix F for additional details. Complete DrainMod data is
available upon request.

Construction activities are expected to re-establish approximately 14.11 acres of wetlands within
drained riparian hydric soils, rehabilitate 1.40 acres of riparian wetlands, and enhance 1.20 acres
of cleared riparian wetlands. Areas of the Site targeted for riparian wetlands will receive
hydrological input from periodic overbank flooding of restored tributaries; groundwater
migration into wetlands; upland/stormwater runoff; and direct precipitation.

3.5.2 Soil Characterization

Soils were mapped on-site by a North Carolina Licensed Soil Scientist as discussed in Section 3.1.
Hydric soils exhibited F13 (Umbric Surface), S7 (Dark Surface), F3 (Depleted Matrix), A2 (Histic
Epipedon), A9 (1 cm Muck), and A12 (Thick Dark Surface) indicators. The majority of hydric soils
on-site are effectively drained due to incised streams and ditches.

3.5.3 Plant Community Characterization

Areas proposed for wetland restoration and enhancement are primarily located within an
agricultural field or dominated by early successional forest species such as sweetgum, red maple,
and loblolly pine. Loblolly pine was harvested from the forested areas most recently between
2016 and 2018.

4.0 REFERENCE STUDIES

4.1 REFERENCE STREAM

A reach of the Cool Run channel upstream of the Site which remains intact was used as a
reference reach. Distinct bankfull indicators were present within the reference reach. In
addition, dimension, pattern, and profile variables were measurable in the channel, allowing for
assistance with the proposed restoration design parameters (Figure 5, Appendix A). Vegetation
along the banks of the reference stream consist mainly of red maple (Acer rubrum), American
holly (/lex opaca), coastal dog hobble (Leucothoe axillaris), fetterbush (Lyonia lucida); and
gallberry (llex glabra).

4.1.1 Watershed Characterization

The Cool Run reference reach is located immediately upstream of the Site in Brunswick County.
Alterations, development, and impervious surfaces within the watershed are minimal.
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4.1.2 Channel Classification

Stream geometry and substrate data have been evaluated to classify the reference reach based
on a classification utilizing fluvial geomorphic principles (Rosgen 1996). This classification
stratifies streams into comparable groups based on pattern, dimension, profile, and substrate
characteristics. The reference reach is characterized as a C-type, highly sinuosity (1.32) channel
with sand-dominated substrate. C-type streams are characterized as slightly to moderately
entrenched, riffle-pool channels exhibiting a moderate to high width-depth ratio. C-type streams
often occur in wide valleys with moderately-developed alluvial floodplains.

4.1.3 Discharge

The reference stream has an approximately 1.23-square mile watershed and a bankfull discharge
of 8.9 cubic feet per second based on bankfull indicators.

4.1.4 Channel Morphology

Stream cross-sections and profiles were measured along the reference stream (Figure 5,
Appendix A). The stream reach was transporting its sediment supply while maintaining stable
dimension, pattern, and profile. Stream geometry measurements for the reference stream are
summarized in the Morphological Stream Characteristics Table (Table B1, Appendix B).

Dimension: Data collected at the reference reach indicates a bankfull cross-sectional area of 9.5
square feet, a bankfull width of 13.6 feet, a bankfull depth of 0.7 feet, and a width-to-depth ratio
of 19.4. Regional curves predict that the stream should exhibit a bankfull cross-sectional area of
approximately 11.0 square feet for the watershed (Sweet et al. 2003), slightly higher than the
9.5-square feet displayed by channel bankfull indicators identified in the field, but within the
range predicted by the curves. For a more detailed discussion on bankfull verification see Section
3.5 (Bankfull Verification).

The reference reach exhibits a bank-height ratio averaging 1.0, which is expected for a C-type
channel. In addition, the width of the floodprone area is approximately 100 feet giving the
channel an entrenchment ratio of 6.8 to 8.0.

Pattern: In-field measurements of the reference reach have yielded an average sinuosity of 1.32
(thalweg distance/straight-line distance). Other channel pattern attributes include an average
pool-to-pool spacing ratio (Lp-o/Whuki) of 4.5, a meander wavelength ratio (Lm/Whxk) of 7.5, and a
radius of curvature ratio (Rc/Whyks) of 1.3. These variables were measured within a stable, forested
reach, which did not exhibit any indications of pattern instability such as shoot cutoffs or oxbows.

Profile: Based on elevational profile surveys, the reference reach is characterized by a valley slope
of 0.0021 (rise/run). Ratios of the reference reach riffle, run, pool, and glide slopes to average

water surface slope are 1.5, 0.2, 0.4, and 0, respectively.

Substrate: The channel is characterized by a channel substrate dominated by sand-sized particles.
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4.2 Reference Wetland

Potential reference wetland sites were evaluated in an effort to identify relatively undisturbed
reference conditions for the targeted wetland community type. As indicated previously, the
Project Site consists predominantly of Bottomland Hardwood wetlands that transition upslope
to Headwater Forest!. These wetland types correlate to Coastal Plain Bottomland Hardwood and
Small Stream Swamp Forest (blackwater subtypes), respectively (Shafale and Weakley, 2012).
Suitable reference wetland sites should be located in similarly situated landscapes and soil types
and should exhibit target hydrologic regimes (i.e. unaltered by prior or current site manipulation
such as ditching or channelization). Based upon these screening parameters, a suitable reference
wetland was identified along Mill Creek, a second order tributary of Indian Creek.

The Mill Creek reference wetland is located just north of Cedar Hill Road in Navassa (Brunswick
County, NC). It is situated within poorly drained Muckalee loam soils (consistent with soils of the
Project Site). In addition, the hydrology of this area remains unaltered with physical indicators
of inundation (from overbank flooding of the adjacent stream channel) and groundwater
saturation. Two reference wetland gauges will be installed within this area to provide
comparative hydrologic data for monitoring purposes. The reference wetland is located at
coordinates: 34.281050 N / -78.281050 E.

5.0 CHANNEL ASSESSMENTS

5.1 Channel Stability Assessment

Channel degradation or aggradation occurs when hydraulic forces exceed or do not approach the
resisting forces in the channel. The amount of degradation or aggradation is a function of relative
magnitude of these forces over time. The interaction of flow within the boundary of open
channels is only imperfectly understood. Adequate analytical expressions describing this
interaction have yet to be developed for conditions in natural channels. Thus, means of
characterizing these processes rely heavily upon empirical formulas.

Traditional approaches for characterizing stability can be placed in one of two categories: 1)
maximum permissible velocity and 2) tractive force, or stream power and shear stress. The
former is advantageous in that velocity can be measured directly. Shear stress and stream power
cannot be measured directly and must be computed from various flow parameters. However,
stream power and shear stress are generally better measures of fluid force on the channel
boundary than velocity.

Stream power and shear stress were estimated for: 1) existing dredged and straightened
reaches, 2) the reference reaches, and 3) proposed Site conditions. Important input values and
output results (including stream power, shear stress, and per unit shear power and shear stress)
are presented in the following table. Average stream velocity and bankfull discharge values were
calculated for the existing Site stream reaches, the reference reach, and proposed conditions.

! The Bottomland Hardwood and Headwater Forest wetland types are classified using the NC Dichotomous Key to
General North Carolina Wetland Types (accompanying the NC WAM User Manual, Version 4.1).
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In order to maintain sediment transport functions of a stable stream system, the proposed
channel should exhibit stream power and shear stress values so the channel is neither aggrading
nor degrading. Results of the analysis indicate the proposed channel reaches are expected to
maintain stream power as a function of width values of approximately 0.09-0.20 and shear stress
values of approximately 0.08-0.20 (Table 9).

Table 9. Stream Power (Q2) and Shear Stress (1) Values

Water Total

Bankfull | surface | Stream Shear
Discharge Slope Power Hydraulic | Stress | Velocity
(ft3/s) (ft/ft) (Q) Q/W | Radius () (v) TV | Tmax

Existing Conditions

Cool Run Upstream 9.9 0.0025 1.54 0.22 2.35 0.37 0.41 0.15 | 0.55

Cool Run

Downstream 11.2 0.003 2.10 0.21 3.53 0.66 0.25 0.17 | 0.99

utT1l 2.2 0.0101 1.39 0.43 5.63 3.55 0.08 0.29 | 5.32
Reference Conditions

Cool Run-Ref 8.9 0.0016 0.89 0.07 0.63 0.06 0.94 0.06 | 0.09

Proposed Conditions

Cool Run Upstream 9.9 0.002 1.24 0.09 0.68 0.08 0.94 0.08 | 0.13
Cool Run

Downstream 11.2 0.0024 1.68 0.11 0.72 0.11 0.94 0.10 | 0.16
UT1 2.2 0.0086 1.18 0.20 0.36 0.20 0.92 0.18 | 0.29

Cool Run reference reach values for stream power and shear stress are slightly lower than
proposed Cool Run values due to flatter water surface. Existing Site streams are characterized
by a wide range of water surface slopes and varying degrees of degradation. In general, stream
power values of existing streams are slightly elevated as compared to proposed values, and shear
stress values of existing streams are significantly elevated as compared to proposed and
reference reach values. Proposed stream power and shear stress values appear adequate to
mobilize and transport sediment through the Site, without aggradation or erosion on proposed
stream banks.

5.2 Bankfull Verification

Discharge estimates for the Site utilize an assumed definition of “bankfull” and the return interval
associated with that bankfull discharge. For this study, the bankfull channel is defined as the
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channel dimensions designed to support the “channel forming” or “dominant” discharge (Gordon
et al. 1992).

Based on available Coastal Plain regional curves, the predicted bankfull discharge for the
reference reach averages approximately 10.3 cubic feet per second (cfs) (Sweet et al. 2003). The
USGS regional regression equation for the Coastal Plain region indicates that bankfull discharge
for the reference reaches at a 1.3-1.5 year return interval average approximately 7-11 cfs (USGS
2006).

Field indicators of bankfull, primarily topographic breaks identified on the banks, and riffle cross-
sections were utilized to obtain an average bankfull cross-sectional area for the reference reach.
The Coastal Plain regional curves were then utilized to plot the watershed area and discharge for
the reference reach cross-sectional area. Field indicators of bankfull approximate an average
discharge of 8.89 cfs for the reference reach, which is 86 percent of that predicted by the regional
curves. This is verified by the range approximated by the USGS regional regression equation.

Table 10 summarizes all methods analyzed for estimating bankfull discharge.
Table 10. Reference Reach Bankfull Discharge Analysis

Watershed Area Return Interval Discharge
Method (square miles) (years) (cfs)

Cool Run Reference Reach

Coastal Plain Regional Curves

(Sweet et al. 2003) 1.23 1.3-1.5 10.3
Coastal Plain Regional Regression Model

(USGS 2006) 1.23 1.3-1.5 7-11
Field Indicators of Bankfull 1.23 1.3-1.5 8.89

After consideration of the above analysis, it was determined that the Coastal Plain regional curves
(Sweet et al. 2003) accurately represent discharge and bankfull cross sectional area of Site
streams. Therefore, Site discharge will be based on these regional curves. Specific design
discharges for each reach are depicted in Table B1, in Appendix B.

6.0 FUNCTIONAL UPLIFT AND PROJECT GOALS/OBJECTIVES

The goals of the proposed Cool Run Stream and Riparian Wetland Mitigation Site are to provide
high quality compensatory mitigation for authorized stream and wetland impacts credited
through the NC DMS in-lieu-fee program and occurring within the Lumber River Hydrologic Unit
Code (HUC) 03040208 and to address the watershed goals identified in the Lumber River Basin
Restoration Plan (RBRP) (NCEEP 2008) and Lockwoods Folly Local Watershed Plan (LWP) (NCEEP
2005). Specific HUC 03040208 watershed goals include:

e Promote low impact development.

e Improve and protect riparian buffers.

e Improve management of stormwater runoff to these waters and mitigate impacts
resulting from urbanization in the area.
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e Prioritize restoration of streams in areas where pine plantations are transitioning to

residential development.

e Restore wetlands.

Site specific mitigation goals and objectives have been academically developed through the use
of North Carolina Stream Assessment Method (NC SAM) and North Carolina Wetland Assessment
Method (NC WAM) analyses of existing stream systems at the Site (NC SFAT 2015 and NC WFAT
2010). Site functional assessment data forms are available upon request; model output is
included in Appendix B and is summarized in the following table. Metrics academically targeted
to meet the Site’s goals and objectives are depicted in bold, within Tables 11A and 11B, below

Table 11A. NC SAM Summary

NC SAM Function Class Rating Summary D::I:Lz'::m ut1 U(:o()s::ezl::l‘*
(1) HYDROLOGY Low MEDIUM Low
(2) Baseflow HIGH HIGH HIGH
(2) Flood Flow Low MEDIUM Low
(3) Streamside Area Attenuation Low MEDIUM Low
(4) Floodplain Access MEDIUM HIGH LOW
(4) Wooded Riparian Buffer Low Low MEDIUM
(4) Microtopography LOwW LOwW MEDIUM
(3) Stream Stability MEDIUM MEDIUM MEDIUM
(4) Channel Stability HIGH HIGH HIGH
(4) Sediment Transport NA NA NA
(4) Stream Geomorphology LOow Low LOW
(1) WATER QUALITY Low Low MEDIUM
(2) Baseflow HIGH HIGH HIGH
(2) Stream-side Area Vegetation LOwW LOwW HIGH
(3) Upland Pollutant Filtration Low Low HIGH
(3) Thermoregulation MEDIUM LOwW MEDIUM
(2) Indicators of Stressors NO NO NO
(2) Aquatic Life Tolerance LOwW LOwW LOW
(1) HABITAT Low Low HIGH
(2) In-stream Habitat LOow LOow HIGH
(3) Baseflow HIGH HIGH HIGH
(3) Substrate Low Low HIGH
(3) Stream Stability MEDIUM MEDIUM MEDIUM
(3) In-Stream Habitat MEDIUM LOow MEDIUM
(2) Stream-side Habitat LOwW LOwW MEDIUM
(3) Stream-side Habitat Low Low LOwW
(3) Thermoregulation LOwW LOW HIGH
OVERALL Low Low MEDIUM

*Cool Run upstream is located in a wooded section of the Site, at the upper end of the restoration reach.
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Based on NC SAM output, numerous primary stream functional metrics (Hydrology, Water
Quality and Habitat), as well as several sub-metrics are under-performing as exhibited by LOW
metric rating (see Figure 4A, Appendix A for NC SAM data reaches). Identified LOW performing
metrics are used to help identify functions targeted for uplift through mitigation activities, goals
and objectives. These are then used to develop appropriate monitoring parameters and success

criteria.

Table 11B. NC WAM Summary

NC WAM Sub-function Rating Summary WAM 1 WAM 2 WAM 3
Wetland Type Bottomland Bottomland Bottomland
Hardwood Forest Hardwood Forest | Hardwood Forest

(1) HYDROLOGY HIGH LOW LOW
(2) Surface Storage & Retention HIGH LOwW LOow

(2) Sub-surface Storage & Retention MEDIUM MEDIUM MEDIUM
(1) WATER QUALITY HIGH LOW MEDIUM
(2) Pathogen change HIGH LOow LOow

(2) Particulate Change HIGH LOwW MEDIUM
(2) Soluble change MEDIUM LOwW MEDIUM
(2) Physical Change HIGH LOow MEDIUM
(1) HABITAT LOW LOW LOW
(2) Physical Structure Low Low LOow
(2) Landscape Patch Structure LOow LOow Low
(2) Vegetative Composition Low Low Low
OVERALL HIGH LOW LOW

Based on NC WAM output, numerous primary wetland functional metrics (Hydrology, Water
Quality, and Habitat), as well as several sub-metrics are under-performing as exhibited by a LOW

metric rating.

Stream and wetland metrics targeted for functional uplift, tied to defined Site-specific project

goals and objectives are presented in Table 11C, below.
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Table 11C. Targeted Functions, Goals, Objectives, and Uplift Evaluation

Goal

Objective/Treatment

Likely Functional Uplift

Performance Criteria

Measurement

Reconnect channels with floodplains
and riparian wetlands to allow a
natural flooding regime.

Reconstruct stream channels with
appropriate bankfull dimensions and
depth relative to the existing
floodplain. Remove side cast material
from ditch excavation and
maintenance.

Dispersion of high flows on the
floodplain, increase in
biogeochemical cycling within the
system, and recharging of riparian
wetlands.

Four bankfull events and within
monitoring period during separate
years and for at least 30-consecutive
days.

1 stream gauge (pressure transducer)
on Cool Run

Improve stability of stream channels.

Construct stream channels that will
maintain stable cross- sections,
patterns, and profiles over time.

Reduction in sediment inputs from
bank erosion, reduction of shear
stress, and improved overall
hydraulic function.

Bank height ratios remain below 1.2
over the monitoring period. Visual
assessments showing progression

towards stability.

10 Cross section surveys

Restore and enhance native
floodplain and streambank
vegetation.

Plant native tree and understory
species in riparian zones and plant
appropriate species on streambanks.

Reduction in floodplain sediment
inputs from runoff, increased bank
stability, increased LWD and organic
material in streams

Survival rate of 320 stems per acre at
MY3, 260 planted stems per acre at
MYS5, and 210 stems per acre at MY7.
Trees must average 7 feet in height
at year 5, and 10 feet in height at
year 7 in each plot

18 veg plots

Restore and enhance groundwater
hydrology to drained or impacted
hydric soil areas.

Reduce channel depth in incised
stream reaches, fill drainage ditches,
and alleviate soil compaction from
agriculture activities.

Particulate and pollution conversion,
groundwater storage and reduced
downstream flooding, habitat
diversification, and vegetative
composition conversion.

Groundwater saturation within 12
inches of the soil surface for 12 % of
the growing season for
reestablishment and improvement of
hydrology in rehabilitation areas.

17 groundwater gauges

Note: Groundwater and rain data for each monitoring period.
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7.0 SITE DESIGN AND IMPLEMENTATION CONSTRAINTS

The presence of conditions or characteristics that have the potential to hinder restoration
activities on the Site was evaluated (Table 12). The evaluation focused primarily on the presence
of hazardous materials, utilities and restrictive easements, rare/threatened/endangered species
or critical habitats, and the potential for hydrologic trespass. Existing information regarding Site
constraints was acquired and reviewed. In addition, any Site conditions that have the potential
to restrict the restoration design and implementation were documented during the field
investigation.

Table 12 — Regulatory Considerations

Regulatory Considerations

Regulation Applicable? Resolved? Supporting Documentation
Waters of the United States-Section 401 Yes No Preliminary JD (App D)
Waters of the United States-Section 404 Yes No Preliminary JD (App D)
Endangered Species Act Yes Yes CE Document (App E)
Historic Preservation Act Yes Yes CE Document (App E)
Coastal Zone Management Act Yes Yes CE Document (App E)
FEMA Floodplain Compliance No N/A Correspondence with Floodplain
Manager (App F)

Essential Fisheries Habitat No - N/A

No known Site constraints, that may hinder proposed mitigation activities, were identified during
field surveys. Potential constraints reviewed include the following:

7.1 Threatened & Endangered Species

Species with the federal classification of Endangered (E), Threatened (T), or Officially Proposed
(P) for such listing are protected under the Endangered Species Act (ESA) of 1973, as amended,
and the Bald and Golden Eagle Protection Act. The US Fish and Wildlife Service’s website was
reviewed to determine federally-protected species that are known to occur in Brunswick County
(Table 13). Overall, the proposed mitigation work would not have an adverse effect on any
federally-listed plant or animal species. Correspondence with the United States Fish and Wildlife
Service (USFWS) is provided in Appendix E.
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Table 13. Federally protected endangered and threatened species known to occur near the project
area per the USFWS IPaC website, excluding coastal and marine species.

S Habitat
tatus bi A Present in Effects
Common Name | Scientific Name US NC Habitat Description Project Determination
Area?
ANIMALS
Alligator Freshwater swamps,
American Alligator .g. L T (S/A) T marshes, rivers, and No No Effect
mississippiensis
lakes
Hali t Nests in | t
Bald Eagle aliaeetus BGPA T estsinfarge trees No No Effect
leucocephalus near open water
Orton Pond and pond
on Sand Hill Creek;
Magnificent Pl bell !
agniticen ano:r .e a C E formerly Greenfield No No Effect
Ramshorn magnifica .
Lake (endemic to
North Carolina)
Hibernates in caves
and mines; roosts
underneath bark, in Not Likely to
. cavities or in crevices Adversely
Northern Long- Myotis . . T of both live trees and Yes Affect Per
Eared Bat septentrionalis . .
snags. They are site Programmatic
generalists and can be BO
found in a range of
forested areas.
0 i dland
Red-Cockaded Picoides pen pine woo . ands
. E E and savannas with No No Effect
Woodpecker borealis .
large old pines
Freshwater and
estuarine wetlands;
nest in patches of
Wood Stork Myctcj’r/a T E medlum to tall'trees, Yes No Effect
americana either in standing
water or on islands
surrounded by open
water
PLANTS
Cooley’s Thalictrum Moist to We.t bogs and
. E E savannas with neutral No No Effect
Meadowrue cooleyi .
soils
Ecotones between
pine savannas and
Rough-lgaved Lysimachia ' £ £ pocosins, on moist to No No Effect
Loosestrife asperulaefolia seasonally saturated
sands, on organic soils
overlaying sand
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TABLE KEY:

Status Definition

E Endangered. A taxon “in danger of extinction throughout all or a significant portion of its
range.”

T Threatened. A taxon "likely to become endangered within the foreseeable future

throughout all or a significant portion of its range."
T(S/A) Threatened due to similarity of appearance.
BGPA Protected under the Bald and Golden Eagle Protection Act.

7.2 Cultural Resources

The term “cultural resources” refers to prehistoric or historic archaeological sites, structures, or
artifact deposits over 50 years old. “Significant” cultural resources are those that are eligible or
potentially eligible for inclusion in the National Register of Historic Places. Evaluations of site
significance are made with reference to the eligibility criteria of the National Register (36 CFR 60)
and in consultation with the North Carolina State Historic Preservation Office (SHPO). Based on
coordination with SHPO on September 29, 2020, no historic resources would be affected by the
project (Appendix E).

7.3 FEMA

Inspection of the FEMA Flood Insurance Rate Maps 3720104800J, Panel 1048 and Rate Map
3720106800J, Panel 1068, effective June 2, 2006, indicates that the project is not located within
a flood area. Therefore, a “Conditional Letter of Map Revision” (CLOMR) is not necessary for this
Site.

7.4 Utilities
No utilities are located on the Site.

7.5 Air Transport Facilities
No air transport facility is located within 5 miles of the Site.

7.6 Hydrologic Trespass

Given the Priority 2 stream restoration approach at the upper reaches of the Site, the amount
of stream extending upstream of credit generating areas, and the landowner's possession of
land adjacent to and immediately upstream/downstream of the project boundary, and HEC RAS
analysis, the risk of hydrologic trespass is not expected. Results of the HEC-RAS analysis is
provided in Appendix F. There is a transition to non-hydric sandy soil types along most of the
conservation easement boundary, adjacent to the agricultural field. There are crowned fields
with sloped drainage toward UT-1, as we do not expect these areas outside of the conservation
easement to re-establish wetlands due to existing and proposed conditions.

The project landowner also owns the upstream property and has been an integral member and
proponent of the project. The adjacent land owner to the west is also a proponent of the project
and has no intention of transferring property in the immediate future. However, if the property
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were to change ownership, and a perimeter ditch along the conservation easement were created,
it would likely be a blind ditch with no outlet due the appropriate outlet location being protected
in the conservation easement. If a ditch is created by a future owner, CMS will evaluate its affect
on adjacent wetland hydrology within the conservation easement boundary and adjust wetland
credits, if warranted.

8.0 DESIGN APPROACH AND MITIGATION WORK PLAN

8.1 Stream Design

On-site streams targeted for restoration have endured significant disturbance from land use
activities such as land clearing, straightening and rerouting of channels, ditching within the
floodplain, and other anthropogenic maintenance. Site streams will be restored by returning
stream flow to the historic, abandoned channel and contouring the channel to as close to natural
conditions as possible. A section of intact channel upstream from the Site was utilized as a
reference stream (see Section 4.1 Reference Streams) to guide channel contouring on reaches
that have been impacted by timber clearing activities and equipment.

Primary activities designed to restore Site streams include 1) stream restoration, 2) wetland
reestablishment, 3) wetland rehabilitation, 4) wetland enhancement, 5) construction of marsh
treatment areas, and 6) vegetation planting (Figures 6A-6B, 8, Appendix A).

8.1.1 Stream Restoration

Stream restoration efforts are designed to restore a stable stream that approximates
hydrodynamics, stream geometry, and local microtopography relative to reference conditions.
Restoration at the Site will be primarily Priority | restoration with a short section of Priority 2
restoration at the upstream tie-in point. Restoration activities will entail tying into the upstream,
ditched portion of Cool Run and slowly bringing the channel up to an elevation where stream
flows can drain through the historic abandoned channel. At that point, the abandoned channel
will be cleared of debris, contoured in areas that have been impacted by Site ditching and timber
activities/equipment, and stabilized as necessary with coir matting, structures, temporary and
permanent seeding, and willow stakes. At the lower end of the channel, a drop structure will be
installed to tie the channel into the ditched, Cool Run channel as it exits the Site.

Similar to Cool Run, UT 1 will be elevated to the floodplain, and constructed using Priority 1
restoration techniques across the abandoned floodplain. The reach of UT 1 will be relatively
short and will tie to the restored channel of Cool Run.

In-stream Structures

In-stream structures will be used for grade control, habitat, and to elevate local water surface
profiles in the channel, flattening the water energy slope or gradient and directing stream energy
into the center of the channel and away from banks. The structures will consist of log cross-vanes
or log j-hook vanes; however, at the discretion of the Engineer, rock cross-vanes or rock j-hook
vanes may be substituted if dictated by field conditions.
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Drop Structure

A drop structure is proposed at the outfall of Cool Run as it discharges from the Site. The drop
structure will be constructed as per the construction plans exhibited in Appendix L. The structure
will be constructed to resist erosive forces associated with hydraulic drops proposed at the Site.

8.2 Individual Reach Discussions

Mitigation strategies proposed for each reach are presented in Table 14, below.

Table 14. Individual Reach Descriptions and Functional Uplift

Individual e . L Functional Uplift Provided for Identified
Mitigation Activities
Reach Stressors
Cool Run e Tie to the existing canal upstream from credit generating areas | ®  Non-functioning riparian buffer/wetland
and initiate Priority 2 stream restoration. vegetation
e Once the channel is at the proper elevation, direct stream flow | ¢  Sediment
into the abandoned channel and reconnect overbank hydrologyto | ¢  Nutrients
rehydrate drained hydric soils and improve hydrology of existing | ¢  Peak Flows
wetlands. e Ditching/Draining
e Clear debris jams or soil dams from the abandoned channel, install | e  Limited Bedform Diversity
grade control/habitat structures, and stabilize the stream banks, | ¢  Absence of Large Woody Debris
as necessary.
e  Fill the adjacent ditch/drainage network to restore wetland
hydrology adjacent to the restored stream channel.
e  Treat invasive species.
e  Plant a vegetative buffer within the entire floodplain.
e Tie into existing downstream channel location with a drop
structure.
UT-1 e Tie to the existing canal ground surface upstream from credit | ¢  Non-functioning riparian buffer/wetland

generating areas and begin elevating the stream channel.
Conduct P1 stream restoration along stream alignment

Install grade control/habitat structures.

Reconnect overbank hydrology to rehydrate drained hydric soils
and improve hydrology of existing wetlands.

Tie into Cool Run.

Treat invasive species.

Plant a vegetative buffer within the entire floodplain.

vegetation

e  Sediment

° Nutrients
Fecal Coliform
Peak Flows

Artificial Barriers
Ditching/Draining

e  Habitat Fragmentation

e Limited Bedform Diversity

e  Absence of Large Woody Debris

8.3 Wetland Reestablishment

Wetland reestablishment is designed to restore a fully functioning wetland system, which will
provide surface water storage, nutrient cycling, increased sediment retention, removal of
imported elements and compounds. In addition, restored wetland conditions will promote
increased wildlife utilization and diversity.

Portions of the Site proposed for reestablishment have been historically drained through
silvicultural and agricultural management activities over the past five decades. Wetland
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hydrology will be restored by raising channel inverts and reestablishing the natural pattern and
profile of Cool Run and UT 1. Existing ditched channels will be abandoned and filled (Figure 12).
Restoration of Cool Run and UT 1 will also allow floodwaters to access the adjacent wetlands
more frequently, promoting storage and treatment of sediment and nutrients. Native vegetative
communities will be restored by removing existing vegetation and replanting with species typical
of a Coastal Plain Small Stream Swamp community. These activities will result in the
reestablishment of approximately 14.11 acres of jurisdictional riparian wetlands.

8.4 Wetland Rehabilitation

Wetland rehabilitation will include enhancement of wetland hydrology and reestablishment of
an appropriate vegetative community. Existing wetlands adjacent to the ditched portions of Cool
Run have been impacted by agricultural and silvicultural practices. Groundwater and surface
water interaction within these wetlands has been altered through ditching of Cool Run and
installation of a toe-slope ditch through the floodplain. The toe-slope ditch intercepts surface
water runoff and disconnects wetlands upslope from wetlands in the floodplain. The toe-slope
ditch combined with ditching of Cool Run has shortened wetland hydroperiods and reduced
floodwater interaction with adjacent wetlands. Wetland hydrology will be enhanced by plugging
the toe-slope ditch, raising channel inverts, and reestablishing the natural pattern and profile of
Cool Run and UT 1. Restoration of Cool Run and UT 1 will also allow floodwaters to access the
adjacent wetlands more frequently, promoting storage and treatment of sediment and nutrients.
Plugging and filling the toe-slope ditch will allow surface runoff to reach wetlands in the
floodplain and provide for hydrologic connectivity between up-gradient riparian wetlands and
downslope bottomland wetlands. Native vegetative communities will be restored by removing
existing vegetation and replanting with species typical of a Coastal Plain Small Stream Swamp
community. These activities will result in the rehabilitation of approximately 1.4 acres of
jurisdictional riparian wetlands.

8.5 Wetland Enhancement

Wetland enhancement is proposed for areas delineated as jurisdictional that exhibit altered
vegetative structure and diversity due to prior silvicultural practices. In addition, wetlands
proposed for enhancement have been disconnected from wetlands in the floodplain due to a
toe-slope ditch that intercepts surface water and diverts it down valley. Wetland enhancement
will include filling the toe-slope ditch to reconnect up-gradient wetlands with wetlands in the
floodplain and planting with native forest vegetation. Project activities will result in the
enhancement of approximately 1.2 acre of jurisdictional wetland.

8.6 Wetland Preservation

Approximately 0.5 acre of jurisdictional wetland in the northern extents of the Site will be
preserved. Vegetation and hydrology within this portion of the Site will not be altered during
mitigation activities.
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8.7 Soil Restoration

Soil grading will occur during stream restoration activities. Topsoil will be stockpiled during
construction activities and will be spread on the soil surface once critical subgrade has been
established. The replaced topsoil will serve as a viable growing medium for community
restoration to provide nutrients, aid in the survival of planted species, and promote rhizomal
growth of desired shrub species. Spoils piles will also be removed from wetland reestablishment
areas during restoration activities.

8.8 Natural Plant Community Restoration

Restoration of wetlands, floodplain forest and stream-side habitat allows for development and
expansion of characteristic species across the landscape. Ecotonal changes between community
types contribute to diversity and provide secondary benefits, such as enhanced feeding and
nesting opportunities for mammals, birds, amphibians, and other wildlife. Reference wetland
data, onsite observations, and community descriptions from Classification of the Natural
Communities of North Carolina (Schafale and Weakley 2012) were used to develop the primary
plant community associations targeted for restoration activities.

8.8.1 Planting Plan

Wetlands and uplands on-site are proposed for vegetative restoration. The planting plan includes
restoration of stream side zones and the larger floodplain adjacent to Cool Run and UT 1. Stream-
side trees and shrubs include species with high value for sediment stabilization, rapid growth
rate, and the ability to withstand hydraulic forces associated with bankfull flow and overbank
flood events. Stream-side trees and shrubs will be planted within 15 feet of the channel top of
bank throughout the meander belt-width. Shrub species will be planted along the reconstructed
stream banks, concentrated along outer bends. Coastal Plain Small Stream Swamp (Blackwater
Subtype) is the target community for Site floodplains. This community has been divided into two
zones based on hydrologic regime. Zone 1 includes floodplain areas proposed as wetlands. Zone
1 will be planted with hydrophytic species such swamp tupelo and bald cypress. Zone 2 includes
upland areas within the Site and will be planted with species more often found in drier portions
of floodplains such as Atlantic white cedar, sycamore and water oak. Other species proposed for
planting within the floodplain are similar across both zones.

Bare-root seedlings within the Coastal Plain Small Stream Swamp will be planted at a density of
approximately 680 stems per acre on 8-foot centers. Shrub and tree species in the stream-side
assemblage will be planted at a density of 1,210 stems per acre on 6-foot centers. Live stakes
will also be planted along the stream bank approximately every 5-ft in appropriate locations.

Table 15 depicts the total number of stems and species distribution within each vegetation
association (Figure 8, Appendix A). Planting will be performed between December 1 and March
15.
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8.8.2 Nuisance Species Management

Invasive plant species will be observed and controlled mechanically and/or chemically, as part of
this project. Prior to planting, the site will be mowed and sprayed with Roundup to treat invasive
species (i.e Chinese privet and honeysuckle) and early successional species (i.e. red maple, sweet
gum, and loblolly pine). Inspections for beaver and other potential nuisance species will occur
throughout the course of the monitoring period. Appropriate actions may be taken to ameliorate
any negative impacts regarding vegetation development and/or water management on an as-
needed basis.

8.8.3 Fencing & Easement Boundary Marking

The easement boundary will be identified with standard Conservation Easement signs fastened
to fence post as prescribed in the most recent NCDMS Boundary Marking Standards, to deter
prohibited activities and compromising vegetation. CMS is in discussions with the land owner to
construct a tractor deterrent fence along the western edge of the conservation easement
boundary, adjacent to the agriculture field. At a minimum, 5-6” treated post will be installed as
a visual barrier and used to attached the Conservation Easement signs.
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Table 15. Planting Plan

Coastal Plain Coastal Plain
Small Stream Small Stream
Wetland Swamp* Swamp* Stream-side
Vegetation Association Indicator (Zone 1) (Zone 2) Assemblage** TOTAL
Area (acres) Status 15.48 5.10 2.13 22.71
# % of # % of # % of #
Species planted* | total | planted* | total | planted** | total | planted
Tag alder (Alnus serrulata) FACW -- -- 515 20 515
Black willow (Salix nigra)*** OBL -- -- 515 20 515
Iroano.od (Carpinus FAC 596 5 - 260 10 786
caroliniana)
River birch (Betula nigra) FACW -- 350 10 260 10 610
Silky dogwood (Cornus FACW 3 - 515 20 515
amomum)***
Atlantic white cedar FACW 350 10
- . - -- 350
(Chamaecyparis thyoides)
Sycamore (Platanus FACW 695 20
: \ - -- 695
occidentalis)
B?Ic! cypress (Taxodium OBL 2632 25 - 515 20 3147
distichum)
Swamp c'hestn ut oak (Quercus FACW 1,580 15 695 20 3 2275
michauxii)
Swamp tupelo (Nyssa biflora) OBL 2,105 20 -- - 2,105
Laurel oak (Quercus laurifolia) FACW 2,105 20 695 20 - 2,800
Overcup oak (Quercus lyrata) OBL 1,055 10 - - 1,055
American elm (UImus FAC 3 350 10 3 350
americana)
Water oak (Quercus nigra) FACW 526 5 350 10 - 876
TOTAL | 10,529 100 3,485 100 2,580 100 | 16,594
* Planted at a density of 680 stems/acre.
** Planted at a density of 1210 stems/acre.
*** Live Stake
Table 15A - Permanent Seed Mix*
March 1 — October 31
‘ We.tland Unit % of Ibs
Species Common Name Indicator Type Stratum Total per
Status Acre
Carex vulpinoidea Fox sedge FACW S Herb 15 35
Andropogon gerardii Big bluestem FAC S Herb 15 35
Elymus virgatum Virginia wildrye FAC S Herb 15 35
Panicum virgatum Switchgrass FAC S Herb 15 35
Juncus effusus Soft rush OBL S Herb 20 35
Dichanthelium clandestinum Deertongue FACW S Herb 20 35
| Total 100
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Table 15A - Permanent Seed Mix*

November 1 - February 28

. Wetland | -, ;, %of | o

Species Common Name Indicator Type Stratum Total per

Status Acre
Elymus virgatum Virginia wildrye FAC S Herb 10 35
Dichanthelium clandestinum Deertongue FACW S Herb 10 35
Carex vulpinoidea Fox sedge FACW S Herb 5 35
Agrostis hyemalis Ticklegrass FAC S Herb 15 35
Agrostis perennans Autumn Bentgrass FACU S Herb 10 35
Juncus effusus Soft rush OBL S Herb 15 35
Tripsacum dactyloides Eastern Gamma Grass FAC S Herb 15 35
Eragrostis curvula Weeping Lovegrass UPL S Herb 10 35
Panicum amarum var. Atlantic Coastal Panicgrass FAC S Herb 10 35

amarulum
Total 100

* Primarily utilized in disturbed/graded areas.

Table 15B - Temporary Herbaceous Seed Schedule

Common Name

Application Rate

Application Dates

Grain Rye*

130 Ibs. per acre

Year — Round

Brown Top Millet?

40 lbs. per acre

May - September

German Millet®

25 Ibs. per acre

May - September

APrimarily utilized on disturbed or stockpiled areas.
8 Primarily utilized near stream channels and streambanks.

9.0 MONITORING AND SUCCESS CRITERIA

Stream monitoring will be conducted by Axiom Environmental, Inc., and wetland monitoring will
be conducted by Land Management Group based on the schedule in Table 16. A summary of
monitoring is outlined in Table 17 (Figure 9, Appendix A). Annual monitoring reports will be
submitted to the NCDMS by Clearwater Mitigation Solutions no later than December 31 of each
monitoring year that data is collected.

Table 16. Monitoring Schedule

Resource

Year 1

Streams

Wetlands

Vegetation

Visual Assessment

Report Submittal

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7
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Table 17. Monitoring Summary

Stream Parameters

Parameter

Method

Schedule/Frequency

Number/Extent

Data Collected/Reported

Stream Profile

Full longitudinal survey

As-built (unless otherwise
required)

All restored stream channels

Graphic and tabular data.

Stream Dimension

Cross-sections

Years1,2,3,5 and 7

Total of 10 cross-sections on

restored channels

Graphic and tabular data.

Channel Stability

Areas of concern will be depicted on a
plan view figure with a written

Visual Assessments Yearly All restored stream channels
assessment and photograph of the area
included in the report.
" . Only if instability is documented .
Additional Cross-sections Yearly v v Graphic and tabular data.

during monitoring

Bankfull Events

Continuous monitoring surface water
gauges and/or trail camera

Continuous recording through
monitoring period

1 stream gauge on Cool Run; 1

stream gauge on UT1

Surface water data for each monitoring
period

Visual/Physical Evidence

Continuous through

Periodic Site visits throughout the

Visual evidence, photo documentation,

monitoring period year. and/or rain data.
Wetland Parameters
Parameter Method Schedule/Frequency Number/Extent Data Collected/Reported
Wetland Years1,2,3,4,5,6,and7 17 gauges spread throughout Groundwater and rain data for each

Restoration

Groundwater gauges

throughout the year with the
growing season?

restored wetlands; one reference
gauge at reference wetland site

monitoring period

Vegetation Parameters

Parameter Method Schedule/Frequency Number/Extent Data Collected/Reported
Permanent vegetation plots 0.0247
100 t in size; CVS- Species, height, planted vs. volunt
Vegetation acre ( square me er's) n size; . As-built, Years 1, 2,3,5,and 7 14 plots spread across the Site pecies, helght, planted vs. volunteer,
establishment and EEP Protocol for Recording Vegetation, stems/acre
vigor Version 4.2 (Lee et al. 2008)

Annual random vegetation plots,
0.0247 acre (100 square meters) in size

As-built, Years 1, 2, 3,5, and 7

3 plots randomly selected each year

Species and height

Note: Photo stations will be taken at all cross sections and at vegetation plot origin points. In addition, photos will be collected across

the Site to document a range of different areas.

2 Refer to discussion of growing season in Section 9.1.
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9.1 Success Criteria

Monitoring and success criteria for stream restoration should relate to project goals and
objectives identified from on-site NC SAM and NC WAM data collection in addition to guidelines
set forth in the 2016 Mitigation Rule. From a mitigation perspective, several of the goals and
objectives are assumed to be functionally elevated by restoration activities without direct
measurement. Other goals and objectives will be considered successful upon achieving success
criteria. The following summarizes the Site success criteria developed for the project.

Table 18. Success Criteria

Streams

e All streams must maintain an Ordinary High-Water Mark (OHWM), per RGL 05-05.

e Continuous surface flow must be documented each year for at least 30 consecutive days.

e Bank height ratio (BHR) cannot exceed 1.2 at any measured cross-section.

e BHR at any measure riffle cross-section should not change by more than 10% from baseline condition during
any given monitoring period.

e The stream project shall remain stable and all other performance standards shall be met through four
separate bankfull events, occurring in separate years, during the monitoring years 1-7.

Wetland Hydrology

e  Saturation or inundation within the upper 12 inches of the soil surface for, at a minimum, 12 percent of the

growing season (36 days)3, during normal climatic conditions.
Vegetation

e  Within planted portions of the site, a minimum of 320 stems per acre must be present at year 3; a minimum
of 260 stems per acre must be present at year 5; and a minimum of 210 stems per acre must be present at
year 7.

e Trees must average 7 feet in height at year 5, and 10 feet in height at year 7 in each plot.

e Planted and volunteer stems are counted, provided they are included in the approved planting list for the
site; natural recruits not on the planting list may be considered by the IRT on a case-by-case basis.

e Any volunteer species on the approved planting list must be established for at least 2 years to count towards
success and will be subject to the average height standard.

As indicated in the table above, hydrologic success criterion is premised on gauge data
demonstrating saturation or inundation within the upper 12 inches of the soil surface for a
minimum of 12% of the growing season. Given the location of the site in the southeastern
portion of the Outer Coastal Plain, it is recognized that growing seasons of this locale are often
longer than the generalized March 1 to November 20 growing season dates. Soil temperature
data for the Outer Coastal Plain often demonstrate growing seasons beginning in early February
and continuing into December. Such observations are consistent with the Regional Supplement
to the Corps of Engineers Wetland Delineation Manual: Atlantic and Gulf Coastal Plan Region
(Version 2.0) which states, “there is evidence that soil temperatures are above 41° F and soil
microbial communities are active throughout the year in some portion of the coastal plain
region” (USACE 2010). As a result, the Provider will be collecting on-site soil temperature data
(via soil probes installed at 12 inches below the soil surface) and will be collecting supplemental
data of above-ground growth and development of vascular plants (e.g. bud burst on woody

3 Refer to discussion of growing season dates in Section 9.1.
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plants, appearance of new growth from vegetative crowns, or emergence of herbaceous plants
from the ground). The proposed start date of the growing season will be based upon the
presence of either soil temperatures (at 12 inches below the soil surface) above 41° F or evidence
of above-ground growth and development of vascular plants (via the indicators identified above).
The proposed end date of the growing season will be based upon the presence of either soil
temperatures (at 12 inches below the soil surface) below 41° F or the prevalence of vascular plant
autumnal senescence. For the purpose of this evaluation, autumnal senescence will be defined
as the prevalence (>50%) seasonal loss of leaves from three dominant deciduous trees (e.g. red
maple, tulip poplar, and sweet gum) occurring on the site. On-site monitoring will be performed
at the end of the 2022 growing season and the start of the 2023 growing season. These data will
be provided within the initial as-built report for the purpose of identifying an appropriate and
science-based growing season for concurrence by the IRT.

9.2 Contingency

In the event that stream success criteria are not fulfilled, a mechanism for contingency will be
implemented and coordinated with the IRT.

9.2.1 Stream Contingency

Stream contingency may include but may not be limited to: 1) structure repair and/or
installation; 2) repair of dimension, pattern, and/or profile variables; and 3) bank stabilization.
The method of contingency is expected to be dependent upon stream variables that are not in
compliance with success criteria. Primary concerns, which may jeopardize stream success,
include: 1) structure failure, 2) headcut migration through the Site, and/or 3) bank erosion.

Structure Failure

If structures are compromised the affected structure will be repaired, maintained, or replaced.
Once the structure is repaired or replaced, it must function to stabilize adjacent stream banks
and/or maintain grade control within the channel. Structures which remain intact, but exhibit
flow around, beneath, or through the header/footer will be repaired by excavating a trench on
the upstream side of the structure and reinstalling filter fabric in front of the pilings. Structures
which have been compromised, resulting in shifting or collapse of a header/footer, will be
removed and replaced with a structure suitable for Site flows.

Headcut Migration Through the Site

In the event that a headcut occurs within the Site (identified visually or through measurements
[i.e. bank-height ratios exceeding 1.4]), provisions for impeding headcut migration and repairing
damage caused by the headcut will be implemented. Headcut migration may be impeded
through the installation of in-stream grade control structures (rip-rap sill and/or log cross-vane
weir) and/or restoring stream geometry variables until channel stability is achieved. Channel
repairs to stream geometry may include channel backfill with coarse material and stabilizing the
material with erosion control matting, vegetative transplants, and/or willow stakes.
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Bank Erosion

If severe bank erosion occurs within the Site, resulting in incision, lateral instability, and/or
elevated width-to-depth ratios locally or systemically, contingency measures to reduce bank
erosion and width-to-depth ratio will be implemented. Bank erosion contingency measures may
include the installation of log-vane weirs and/or other bank stabilization measures. If the
resultant bank erosion induces shoot cutoffs or channel abandonment, a channel may be
excavated to reduce shear stress to stable values.

Beaver and other Invasive Species

Indications of beaver establishment will be monitored throughout the 7-year monitoring period.
If beaver are identified in the Site, the location of the dam will be depicted on CCPV mapping.
CMS will engage a certified trapper to periodically monitor the site for beaver activity and trap
them if observed. Once beaver have been trapped, the dam will be removed. Removal of the
dam is expected to occur by hand to minimized disturbance to the adjacent mitigation areas.

When invasive species controls are required by the IRT, species such as Japanese honeysuckle
(Lonicera japonica) or Chinese privet (Ligustrum sinense) will be treated by foliar application
and/or cutting and directly treating the stump with Garlon 4A (or other similar product) to
minimize re-sprouting. Appropriate actions to ameliorate any negative impacts regarding
vegetation development and/or water management will occur on an as-needed basis. Additional
monitoring, or other contingency measures will be determined by consultation with the IRT.

Development/Logging

Topographic re-entrants discharging into the conservation easement typically are directed into
marsh treatment areas that treat the initial stormwater pulse to capture sediment and nutrients
from adjacent runoff. These areas will naturalize over time into small wetland depressions. If
the property adjacent to the Site is developed, or logged such that excessive sediment enters the
Site, the marsh treatment area may be re-excavated to capture additional drainage effluent.
Maintenance of the marsh treatment area is not expected to occur over an extended period of
time; however, short term maintenance may occur until stabilization of the adjacent landscape
features occurs.

9.2.2 Wetland Contingency

Hydrological contingency will require consultation with hydrologists and regulatory agencies if
wetland hydrology target criteria are not achieved. Floodplain surface modifications, including
construction of ephemeral pools within the filled ditches, represent a likely mechanism to
increase the floodplain area in support of jurisdictional wetlands. In addition, woody debris will
be added to the depressional areas in the buffers and throughout the adjacent wetlands for
habitat, and to help store sediment, increase water storage/infiltration, and absorb water energy
during overbank events. Approved contingency measures to increase wetland hydrologic
amplitude or duration will be coordinated with the IRT and implemented and monitored until
Hydrology Success Criteria are achieved. Future and potential ditch creation along the
conservation easement boundary does not present a risk of draining restored wetlands because

Mitigation Plan (Project No. 100142) page 37
Cool Run Mitigation Site Clearwater Mitigation Solutions
Brunswick County, North Carolina September 2022



downstream tie in locations will be protected via a conservation easement and encroachment
into these areas will not be allowed.

9.2.3 Vegetation Contingency

If vegetation success criteria are not achieved (i.e stunted growth, beavers, encroachment,
nutrient availability), supplemental planting may be performed with tree species approved by
the IRT. Supplemental planting and/or soil amendments will be performed as needed until
achievement of vegetation success criteria. Refer to Section 10 for specific adaptive management
in regards to the recruitment of early successional species such as red maple, sweet gum, and
loblolly pine.

9.3 Compatibility with Project Goals

The following table outlines the compatibility of Site performance criteria described above to Site
goals and objectives that will be utilized to evaluate if Site goals and objectives are achieved.
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Table 19. Compatibility of Performance Criteria to Project Goals and Objectives

Goals

| Objectives

| Success Criteria

(1) HYDROLOGY

e  Minimize downstream flooding to
the maximum extent possible.

Construct new channel at historic floodplain elevation to restore
overbank flows

Plant woody riparian buffer

Protect riparian buffers with a perpetual conservation easement
Construct channels with proper pattern, dimension, and
longitudinal profile

BHR not to exceed 1.2

Document four overbank events in separate monitoring years for
at least 30-consecutive days

Attain Wetland Hydrology Success Criteria

Attain Vegetation Success Criteria

Conservation Easement recorded

e Increase stream stability within the
Site so that channels are neither
aggrading nor degrading.

Construct channels with proper pattern, dimension, and
longitudinal profile

Cease row crop production within and immediately adjacent to
Site wetlands and streams

Construct stable channels

Stabilize stream banks

Plant woody riparian buffer

Cross-section measurements indicate a stable channel
Visual documentation of stable channels and structures
BHR not to exceed 1.2

< 10% change in BHR in any given year

Attain Vegetation Success Criteria

(1) WATER QUALITY

e Remove direct nutrient and
pollutant inputs from the Site and
reduce contributions to
downstream waters.

Reduce agricultural land/inputs

Plant woody riparian buffer

Restore/enhance jurisdictional wetlands adjacent to Site streams
Provide surface roughness and reduce compaction through deep
ripping/plowing

Restore overbank flooding by constructing channels at historic
floodplain elevation

Attain Wetland Hydrology Success Criteria
Attain Vegetation Success Criteria

(1) HABITAT

e Improve instream and stream-
side habitat.

Construct stable channels with appropriate substrate

Plant woody riparian buffer to provide organic matter and shade
Construct new channel at historic floodplain elevation to restore
overbank flows

Protect riparian buffers with a perpetual conservation easement
Restore/enhance jurisdictional wetlands adjacent to Site streams
Stabilize stream banks

Install in-stream structures

Cross-section measurement indicate a stable channel

Visual documentation of stable channels and in-stream
structures.

Attain Wetland Hydrology Success Criteria

Attain Vegetation Success Criteria

Conservation Easement recorded
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10.0 ADAPTIVE MANAGEMENT PLAN

In the event the Site or a specific component of the Site fails to achieve the necessary
performance standards as specified in the mitigation plan, the provider shall notify the members
of the IRT and work with the IRT to develop contingency plans and remedial actions. Problems
will be identified during Site monitoring and specified in the subsequent annual monitoring
reports. Over the course of the 7-year monitoring period, the recruitment of early successional
species such as red maple, sweet gum, and loblolly pine will be monitored. No single volunteer
species of red maple, loblolly pine, and sweet gum will comprise more than 50% of the total
composition at Year 3. If this occurs, remedial action, as approved by the IRT may be required.
During Year 5, no single volunteer species, comprising over 50% of the total composition, may be
more than twice the height of the planted trees. If this occurs, remedial action, as approved by
the IRT, may be required. The need to conduct additional volunteer sampling after Year 5 will be
determined by the IRT. Remedial action will include spot herbicide treatment (as needed) and in
extreme situations will involve hand removal of undesirable species by pre-commercial thinning
crews.

11.0 LONG-TERM MANAGEMENT PLAN

The Site will be transferred to the NCDEQ Stewardship Program. This party shall serve as
conservation easement holder and long-term steward for the property and will conduct periodic
inspection of the Site to ensure that restrictions required in the conservation easement are
upheld. Funding will be supplied by the responsible party on a yearly basis until such time an
endowment is established. The NCDEQ Stewardship Program is developing an endowment
system within the non-reverting, interest-bearing Conservation Lands Conservation Fund
Account. The use of funds from the Endowment Account will be governed by North Carolina
General Statute GS 113A-232(d)(3). Interest gained by the endowment fund may be used for the
purpose of stewardship, monitoring, stewardship administration, and land transaction costs, if
applicable.
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Figure 1. Site Location
Figure 2. Hydrologic Unit Map
Figure 3. Topography and Drainage Area
Figure 4A. Existing Conditions and Soils
Figure 4B. Lidar DEM Map
Figure 5. Cool Run Reference Reach Dimension, Pattern, and Profile
Figure 6A. Stream Restoration Details
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Figure 9. Monitoring Plan
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Appendix B
Existing Stream & Wetland Data

Table B1. Cool Run Morphological Stream Characteristics
Existing Stream Cross-section Data

NC SAM Forms
NC WAM Forms

NCDWQ Stream Forms
BEHI/NBS Data

Nutrient Model Output
Soil Boring Logs
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0 measured D84 (mm)

0.0 [relative roughness [ 0.0 Tfric.factor

0.000  [Manning's n from channel material
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EEL(e)1H Cool Run (Cool Run Upstream - XS 3) EEL(e]i4 Cool Run (Cool Run Upstream - XS 4)
Riffle

GEERITUTH Cool Run (Cool Run Upstream - XS 3)

height of instrument (ft): D11 200.00

distance FS FS FS W fpa channel | Manning's FS FS W fpa channel | Manning's
(ft) (ft) elevation bankfull |top of bank (ft) slope (%) "n" elevation bankfull |top of bank (ft) slope (%) "n"
0 155.703" | ¥l 157.86 156.36 154:677 | IEEEFE) 158.07 156.37

1.79127 | 155:833 " XA 4214 43.64 0.906383 154.818 [JEERLA 41.93 43.63

4214711 | 155574 XXy 1.910561  155.03 44.97

537376 | 155592 XX [dimensions 2.601486 | 155.593 |EET¥Ivg dimensions

7.815293 155.694 44.306 10.6 x-section area 1.7 d mean 3.131967 156.205 43.795 10.6 x-section area 14 d mean

9.648591 156.065 [EXEEH 6.1 width 9.0 wet P 4134634 | 156.738 =¥ 7.8 width 9.3 wet P

10.55197  156.36 43.64 2.0 d max 1.2 hyd radi 5.060258 157.131 42.869 1.8 d max 1.1 hyd radi

11.03987 | 157.768 I¥¥EY 35 bank ht 35 w/d ratio 5.910917 | 157.933 M4 35 bank ht 58 w/d ratio

11.06797 157.765 42.235 11.0 W flood prone area 1.8 ent ratio 6.519846 158.878 41.122 12.0 W flood prone area 1.5 ent ratio

11.92458  159.83 4017 7491872 | 159.406 JENEEZ

13.02448 159.603 40.397 [Rydraulics 8.41814  159.887 40.113 [Rydraufics

14.42665 | 159.876  ENRFZ 0.0 velocity (ft/sec) 9.897708 159.675 [EEIURYI) 0.0 velocity (ft/sec)

15.4529  159.893 40.107 0.0 discharge rate, Q (cfs) 11.40414  159.709 40.291 0.0 discharge rate, Q (cfs)

16.26469 159.783 40.217 0.00 shear stress ((Ibs/ft sq) 12.31255 159.485 40.515 0.00 shear stress ((Ibs/ft sq)

16.79478 159.762 40.238 0.00 shear velocity (ft/sec) 13.27095 159.202 40.798 0.00 shear velocity (ft/sec)

17.26352 157.767 42.233 0.000 |unit stream power (lbs/ft/sec) 13.80124 158.121 41.879 0.000 |unit stream power (Ibs/ft/sec)

18.12785 157.053 42.947 0.00 Froude number 14.25037 157.638 42.362 0.00 Froude number

19.22369 156.528 43.472 0.0 friction factor u/u* 14.93803 156.367 43.633 0.0 friction factor u/u*

20.28054 155.794 44.206 0-0 threshold grain size (mm) 17.90122  156.16 43.84 0-0 threshold grain size (mm)

21.34852  155.17 44.83 20:30168" 1554757 R

22.16354 155.278 44.722 [check from channel material 23.56721 155.374 44.626 [check from channel material

23.16566 155.297 44.703 0 measured D84 (mm) 0 measured D84 (mm)

2439744  155.23 4477 0.0 [relative roughness [ 0.0 Tfric.factor 0.0 [relative roughness [ 0.0 Tfric.factor

0.000  [Manning's n from channel material 0.000  [Manning's n from channel material




Cross Section Cross Section

Cool Run (UT 1 - XS 1) Riffle --- Cool Run (UT 1 - XS 2) Riffle ---
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Width from River Left to Right (ft) Width from River Left to Right (ft)

EEe]iH Cool Run (UT 1-XS 1)
iffle

description: [IILI CLEEECR))
height of instrument (ft): [P
distance FS FS

FS

W fpa channel | Manning's FS FS W fpa channel | Manning's
"n" elevation bankfull |top of bank (ft) slope (%) "n"

0 155.008 44.992 154.392 45.608

6.113338 154.913 45.087 41.25 43.83 4.436273 154.872 45.128 41.94 44.08

9.616711  155.253 44.747 8.026961 156.013 43.987

10.80394  155.77 44.23 dimensions 11.55001 156.859 43.141 dimensions

(ft) (ft) elevation bankfull |top of bank (ft) slope (%) n
158.75 156.17

158.06 155.92

12.05929 156.612 43.388 24 x-section area 0.6 d mean 14.09456  157.737 42.263 24 x-section area 0.7 d mean
13.36162 | 157.278 WEYX¢Y) 3.9 width 46 wet P 16.39696 | 157.734 WEY¥I( 33 width 44 wet P
14.01447 158.181 41.819 0.8 d max 0.5 hyd radi 17.42903 158.201 41.799 1.1 d max 0.6 hyd radi
14.91929 | 159.564 LX) 34 bank ht 6.4 w/d ratio 18.05163 158.884 MEANMAL] 32 bank ht 45 w/d ratio
16.09734  159.497 40.503 5.0 W flood prone area 1.3 ent ratio 19.03922 159.157 40.843 9.0 W flood prone area 27 ent ratio
17.15818  159.52 40.48 19.68792 158.909 41.091

18:07199" "158:.976 " EXZ} [Rydraulics 20.16495" 158954 A [Rydraulics

19.01556 158.142 41.858 0.0 velocity (ft/sec) 20.84719  156.587 43.413 0.0 velocity (ft/sec)

21.14826 157.528 42472 0.0 discharge rate, Q (cfs) 21.97493 155.916 44.084 0.0 discharge rate, Q (cfs)

22.2167  157.363 42.637 0.00 shear stress ((Ibs/ft sq) 26.22647 155.683 44.317 0.00 shear stress ((Ibs/ft sq)

23.20738 156.169 43.831 0.00 shear velocity (ft/sec) 31.5633  155.673 44.327 0.00 shear velocity (ft/sec)

26.46584 155.842 44.158 0.000 [unit stream power (Ibs/ft/sec)
31.56524 155.735 44.265 0.00 Froude number

0.0 friction factor u/u*

0-0 threshold grain size (mm)

0.000 [unit stream power (Ibs/ft/sec)
0.00 Froude number

0.0 friction factor u/u*

[54 threshold grain size (mm)

check from channel material
0 measured D84 (mm)
0.0 [relative roughness [ 0.0 Tfric. factor
0.000  [Manning's n from channel material

check from channel material
0 measured D84 (mm)
0.0 [relative roughness [ 0.0 Tfric.factor
0.000  [Manning's n from channel material




Cross Section Cross Section

Cool Run (UT 1 - XS 3) Riffle --- Cool Run (UT 1 - XS 4) Riffle ---
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Width from River Left to Right (ft) With from River 4%t to Right (F6°

EEe]iH Cool Run (UT 1 - XS 3)
Riffle

EE]iH Cool Run (UT 1 - XS 4)

s [Cool Run (UTH = XS3)
height of instrument (ft): [RPLL0T)

distance FS FS FS W fpa channel | Manning's FS FS W fpa channel | Manning's
(ft) (ft) elevation bankfull |top of bank (ft) slope (%) "n" elevation bankfull |top of bank (ft) slope (%) "n"
0 153.312 46.688 157.46 154.54 47.859 156.5 152.79

5.041733 153.247 46.753 42.54 45.46 5.358142 152.18 47.82 43.5 47.21

9.057095 153.31 46.69

9.51815 152.412 47.588

9.083343 153.344 EEIXGEI dimensions 1247371 152.788 |EYINAV dimensions
10.81706  153.705 46.295 24 x-section area 0.8 d mean 14.21296  153.483 46.517 24 x-section area 0.8 d mean
12:31836 | 154.524 |30 3.1 width 42 wet P 16.44217  154.53 45.47 3.1 width 44 wet P
13.71616 | 155.485 IZEH 1.1 d max 0.6 hyd radi 18.2107 | 155.748 EELWiv] 1.2 d max 0.5 hyd radi
14.74294  155.94 44.06 4.0 bank ht 4.0 w/d ratio 19.30395 156.263 MEXNKNS 5.0 bank ht 41 w/d ratio
14.78106  155.928 44.072 5.0 W flood prone area 1.6 ent ratio 19.85441  156.746 43.254 7.0 W flood prone area 22 ent ratio
15.35838  156.73 4327 20.02833 157.747 JEX¥EHR
16.10311  157.841 42.159 [Rydraufics 20.67106 157.603 [EYECH [Rydraufics
16.8761  158.501 41.499 0.0 velocity (ft/sec) PAKPZLE R EYACI R 42.387 0.0 velocity (ft/sec)
17.38466  158.547 41.453 0.0 discharge rate, Q (cfs) 21.40415 157.514 42.486 0.0 discharge rate, Q (cfs)
17.92424 158.517 41.483 0.00 shear stress ((Ibs/ft sq) 21.7925  157.224 42.776 0.00 shear stress ((Ibs/ft sq)
18.36406 158.468 41.532 0.00 shear velocity (ft/sec) 22.46641 156.731 43.269 0.00 shear velocity (ft/sec)
18.74172  157.662 42.338 0.000 |unit stream power (Ibs/ft/sec) 23.38237 155.846 44.154 0.000 |unit stream power (Ibs/ft/sec)
19.48689 157.021 42.979 0.00 Froude number 24.20772 155.4 446 0.00 Froude number
20.23124 156.339 43.661 0.0 friction factor u/u* 2476289 154.986 45.014 0.0 friction factor u/u*
21.13837 155.745 44.255 0-0 threshold grain size (mm) 25.18463 153.678 46.322 0-0 threshold grain size (mm)
21.78908 | 154.995 PEEKIE 26.08881 | 152.676 |JEXEYZ
2265942 154.541 45.459 [check from channel material 28.42199  152.359 47.641 [check from channel material
23.49241 154.25 45.75 0 measured D84 (mm) 36.27012 152.281 47.719 0 measured D84 (mm)
25114604 1540720 IEEERD) 0.0 [relative roughness [ 0.0 Tfric.factor 0.0 [relative roughness [ 0.0 Tfric.factor
27.80998 153.916 46.084 0.000  [Manning's n from channel material 0.000  [Manning's n from channel material

37.3894  153.755 46.245



NC SAM FIELD ASSESSMENT RESULTS
Accompanies User Manual Version 2.1

USACE AID #: NCDWR #:

INSTRUCTIONS: Attach a sketch of the assessment area and photographs. Attach a copy of the USGS 7.5-minute topographic quadrangle,
and circle the location of the stream reach under evaluation. If multiple stream reaches will be evaluated on the same property, identify and
number all reaches on the attached map, and include a separate form for each reach. See the NC SAM User Manual for detailed descriptions
and explanations of requested information. Record in the “Notes/Sketch” section if supplementary measurements were performed. See the
NC SAM User Manual for examples of additional measurements that may be relevant.

NOTE EVIDENCE OF STRESSORS AFFECTING THE ASSESSMENT AREA (do not need to be within the assessment area).

PROJECT/SITE INFORMATION:

1. Project name (if any): Frink SAM #1 2. Date of evaluation: 9/30/19

3. Applicant/owner name: Clearwater Mitigation Solutions 4. Assessor name/organization: Jernigan/Axiom
5. County: Brunswick 6. Nearest named water body

7. River basin: Lumber on USGS 7.5-minute quad: Cool Run

8. Site coordinates (decimal degrees, at lower end of assessment reach): 33.969691, -78.472136

STREAM INFORMATION: (depth and width can be approximations)
SAM #1, Cool Run

9. Site number (show on attached map): DS 10. Length of assessment reach evaluated (feet): 100
11. Channel depth from bed (in riffle, if present) to top of bank (feet): 5 [JUnable to assess channel depth.
12. Channel width at top of bank (feet): 9-10 13. Is assessment reach a swamp steam? [JYes [XINo

14. Feature type: [X]Perennial flow [Jintermittent flow []Tidal Marsh Stream
STREAM CATEGORY INFORMATION:

15. NC SAM Zone: [J Mountains (M) [ Piedmont (P) [J Inner Coastal Plain (1) [X] Outer Coastal Plain (O)
16. Estimated geomorphic

valley shape (skip for BIA L8

Tidal Marsh Stream): (more sinuous stream, flatter valley slope) (less sinuous stream, steeper valley slope)
17. Watershed size: (skip [OSize 1 (<0.1mi?) [Size2(0.1to<0.5mi?) [XSize 3 (0.5 to <5 mi?) [JSize 4 (= 5 mi?)

for Tidal Marsh Stream)
ADDITIONAL INFORMATION:
18. Were regulatory considerations evaluated? []Yes [XINo If Yes, check all that apply to the assessment area.

[JSection 10 water [Classified Trout Waters [Jwater Supply Watershed ((JI (I (JuI Jiv V)
[JEssential Fish Habitat [JPrimary Nursery Area [J High Quality Waters/Outstanding Resource Waters
[JPublicly owned property [CJNCDWR Riparian buffer rule in effect [ JNutrient Sensitive Waters
[JAnadromous fish [J303(d) List [CJCAMA Area of Environmental Concern (AEC)
[(JDocumented presence of a federal and/or state listed protected species within the assessment area.

List species:

[JDesignated Critical Habitat (list species)
19. Are additional stream information/supplementary measurements included in “Notes/Sketch” section or attached? [JYes [[JNo

Channel Water — assessment reach metric (skip for Size 1 streams and Tidal Marsh Streams)

XA Water throughout assessment reach.
B No flow, water in pools only.
c No water in assessment reach.

Evidence of Flow Restriction — assessment reach metric

XA At least 10% of assessment reach in-stream habitat or riffle-pool sequence is severely affected by a flow restriction or fill to the
point of obstructing flow or a channel choked with aquatic macrophytes or ponded water or impoundment on flood or ebb within
the assessment reach (examples: undersized or perched culverts, causeways that constrict the channel, tidal gates, debris jams,
beaver dams).

B Not A
Feature Pattern — assessment reach metric
XA A majority of the assessment reach has altered pattern (examples: straightening, modification above or below culvert).
B Not A
4. Feature Longitudinal Profile — assessment reach metric
XA Maijority of assessment reach has a substantially altered stream profile (examples: channel down-cutting, existing damming, over

widening, active aggradation, dredging, and excavation where appropriate channel profile has not reformed from any of these
disturbances).
B Not A

5. Signs of Active Instability — assessment reach metric
Consider only current instability, not past events from which the stream has currently recovered. Examples of instability include
active bank failure, active channel down-cutting (head-cut), active widening, and artificial hardening (such as concrete, gabion, rip-rap).
XA < 10% of channel unstable
B8 10 to 25% of channel unstable
c > 25% of channel unstable



6. Streamside Area Interaction — streamside area metric

Consider for the Left Bank (LB) and the Right Bank (RB).

LB RB

A A Little or no evidence of conditions that adversely affect reference interaction

XiB XIB Moderate evidence of conditions (examples: berms, levees, down-cutting, aggradation, dredging) that adversely affect
reference interaction (examples: limited streamside area access, disruption of flood flows through streamside area, leaky
or intermittent bulkheads, causeways with floodplain constriction, minor ditching [including mosquito ditching])

c c Extensive evidence of conditions that adversely affect reference interaction (little to no floodplain/intertidal zone access
[examples: causeways with floodplain and channel constriction, bulkheads, retaining walls, fill, stream incision, disruption
of flood flows through streamside area] or too much floodplain/intertidal zone access [examples: impoundments, intensive
mosquito ditching]) or floodplain/intertidal zone unnaturally absent or assessment reach is a man-made feature on an
interstream divide

7. Water Quality Stressors — assessment reach/intertidal zone metric

Check all that apply.

A Discolored water in stream or intertidal zone (milky white, blue, unnatural water discoloration, oil sheen, stream foam)

1B Excessive sedimentation (burying of stream features or intertidal zone)

Jc Noticeable evidence of pollutant discharges entering the assessment reach and causing a water quality problem

D Odor (not including natural sulfide odors)

e Current published or collected data indicating degraded water quality in the assessment reach. Cite source in “Notes/Sketch”

section.

F Livestock with access to stream or intertidal zone

G Excessive algae in stream or intertidal zone

[H Degraded marsh vegetation in the intertidal zone (removal, burning, regular mowing, destruction, etc)

I Other: (explain in “Notes/Sketch” section)

XJ Little to no stressors

8. Recent Weather — watershed metric (skip for Tidal Marsh Streams)

For Size 1 or 2 streams, D1 drought or higher is considered a drought; for Size 3 or 4 streams, D2 drought or higher is considered a drought.

XA Drought conditions and no rainfall or rainfall not exceeding 1 inch within the last 48 hours

B Drought conditions and rainfall exceeding 1 inch within the last 48 hours

c No drought conditions

9. Large or Dangerous Stream — assessment reach metric
[JYes [XNo Isstream is too large or dangerous to assess? If Yes, skip to Metric 13 (Streamside Area Ground Surface Condition).
10. Natural In-stream Habitat Types — assessment reach metric
10a. [JYes [XNo Degraded in-stream habitat over majority of the assessment reach (examples of stressors include excessive
sedimentation, mining, excavation, in-stream hardening [for example, rip-rap], recent dredging, and snagging)
(evaluate for Size 4 Coastal Plain streams only, then skip to Metric 12)
10b. Check all that occur (occurs if > 5% coverage of assessment reach) (skip for Size 4 Coastal Plain streams)
A Multiple aquatic macrophytes and aquatic mosses - OF 5% oysters or other natural hard bottoms
(include liverworts, lichens, and algal mats) 2 £ G Submerged aquatic vegetation
B Multiple sticks and/or leaf packs and/or emergent 5 % OH Low-tide refugia (pools)
vegetation % = [ Sand bottom
Xc Multiple snags and logs (including lap trees) 25 J 5% vertical bank along the marsh
XD 5% undercut banks and/or root mats and/or roots ~ © = Ok Little or no habitat
in banks extend to the normal wetted perimeter
e Little or no habitat
REMAINING QUESTIONS ARE NOT APPLICABLE FOR TIDAL MARSH STREAMS
11. Bedform and Substrate — assessment reach metric (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams)

11a. [JYes [INo Is assessment reach in a natural sand-bed stream? (skip for Coastal Plain streams)

11b. Bedform evaluated. Check the appropriate box(es).
A Riffle-run section (evaluate 11c)
B Pool-glide section (evaluate 11d)
Xc Natural bedform absent (skip to Metric 12, Aquatic Life)

11c. Inriffle sections, check all that occur below the normal wetted perimeter of the assessment reach — whether or not submerged. Check
at least one box in each row (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams). Not Present (NP) = absent, Rare
(R) = present but < 10%, Common (C) = > 10-40%, Abundant (A) = > 40-70%, Predominant (P) = > 70%. Cumulative percentages
should not exceed 100% for each assessment reach.
NP

Bedrock/saprolite

Boulder (256 — 4096 mm)

Cobble (64 — 256 mm)

Gravel (2 — 64 mm)

Sand (.062 — 2 mm)

Silt/clay (< 0.062 mm)

Detritus

Atrtificial (rip-rap, concrete, etc.)

(0 o

I o
Ooooooooe
o
I

11d. [JYes [INo Are pools filled with sediment? (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams)



12.

13.

14.

15.

16.

17.

18.

Aquatic Life — assessment reach metric (skip for Tidal Marsh Streams)
12a. XIYes [No Was an in-stream aquatic life assessment performed as described in the User Manual?
If No, select one of the following reasons and skip to Metric 13. [ JNo Water [JOther:

12b. XIYes [INo Are aquatic organisms present in the assessment reach (look in riffles, pools, then snags)? If Yes, check all that
apply. If No, skip to Metric 13.

>1 Numbers over columns refer to “individuals” for Size 1 and 2 streams and “taxa” for Size 3 and 4 streams.
[JAdult frogs

[JAquatic reptiles

[CJAquatic macrophytes and aquatic mosses (include liverworts, lichens, and algal mats)
[Beetles

[JCaddisfly larvae (T)

[JAsian clam (Corbicula)

XICrustacean (isopod/amphipod/crayfish/shrimp)

[(JDamselfly and dragonfly larvae

[IDipterans

[(IMayfly larvae (E)

[(OMegaloptera (alderfly, fishfly, dobsonfly larvae)
[JMidges/mosquito larvae

[(IMosquito fish (Gambusia) or mud minnows (Umbra pygmaea)
[OMussels/Clams (not Corbicula)

[JOther fish

[JSalamanders/tadpoles

[ISnails

[JStonefly larvae (P)

[Tipulid larvae

[OWorms/leeches

OoOoooooooooooooooogo-

Streamside Area Ground Surface Condition — streamside area metric (skip for Tidal Marsh Streams and B valley types)
Consider for the Left Bank (LB) and the Right Bank (RB). Consider storage capacity with regard to both overbank flow and upland runoff.
LB RB

A A Little or no alteration to water storage capacity over a majority of the streamside area
XB B Moderate alteration to water storage capacity over a majority of the streamside area
c Xc Severe alteration to water storage capacity over a majority of the streamside area (examples: ditches, fill, soil compaction,

livestock disturbance, buildings, man-made levees, drainage pipes)

Streamside Area Water Storage — streamside area metric (skip for Size 1 streams, Tidal Marsh Streams, and B valley types)
Consider for the Left Bank (LB) and the Right Bank (RB) of the streamside area.

LB RB

A A Majority of streamside area with depressions able to pond water = 6 inches deep
B B Majority of streamside area with depressions able to pond water 3 to 6 inches deep
Xc Xic Majority of streamside area with depressions able to pond water < 3 inches deep

Wetland Presence — streamside area metric (skip for Tidal Marsh Streams)
Consider for the Left Bank (LB) and the Right Bank (RB). Do not consider wetlands outside of the streamside area or within the normal
wetted perimeter of assessment reach.

LB RB
Xy Oy Are wetlands present in the streamside area?
CIN XIN

Baseflow Contributors — assessment reach metric (skip for Size 4 streams and Tidal Marsh Streams)
Check all contributors within the assessment reach or within view of and draining to the assessment reach.

A Streams and/or springs (jurisdictional discharges)

B Ponds (include wet detention basins; do not include sediment basins or dry detention basins)

Xc Obstruction passing flow during low-flow periods within the assessment area (beaver dam, leaky dam, bottom-release dam, weir)
D Evidence of bank seepage or sweating (iron in water indicates seepage)

XE Stream bed or bank soil reduced (dig through deposited sediment if present)
OF None of the above

Baseflow Detractors — assessment area metric (skip for Tidal Marsh Streams)
Check all that apply.

A Evidence of substantial water withdrawals from the assessment reach (includes areas excavated for pump installation)

B Obstruction not passing flow during low-flow periods affecting the assessment reach (ex: watertight dam, sediment deposit)
c Urban stream (= 24% impervious surface for watershed)

D Evidence that the streamside area has been modified resulting in accelerated drainage into the assessment reach

XE Assessment reach relocated to valley edge

OF None of the above

Shading — assessment reach metric (skip for Tidal Marsh Streams)

Consider aspect. Consider “leaf-on” condition.

A Stream shading is appropriate for stream category (may include gaps associated with natural processes)
XB Degraded (example: scattered trees)

c Stream shading is gone or largely absent



19. Buffer Width — streamside area metric (skip for Tidal Marsh Streams)
Consider “vegetated buffer” and “wooded buffer” separately for left bank (LB) and right bank (RB) starting at the top of bank out
to the first break.
Vegetated Wooded
LB RB LB RB
XA XA [OA OA > 100 feet wide or extends to the edge of the watershed
(O8 OB [OB [B From 50 to < 100 feet wide
Oc dc [»dc [@dc From 30 to < 50 feet wide
Op [Obp b [Ob From 10 to < 30 feet wide
O O XE XE < 10 feet wide or no trees

20. Buffer Structure — streamside area metric (skip for Tidal Marsh Streams)
Consider for left bank (LB) and right bank (RB) for Metric 19 (“Vegetated” Buffer Width).

LB RB

A A Mature forest

B B Non-mature woody vegetation or modified vegetation structure

Xc Xc Herbaceous vegetation with or without a strip of trees < 10 feet wide

[Op o) Maintained shrubs
e e Little or no vegetation

21. Buffer Stressors — streamside area metric (skip for Tidal Marsh Streams)
Check all appropriate boxes for left bank (LB) and right bank (RB). Indicate if listed stressor abuts stream (Abuts), does not abut but is
within 30 feet of stream (< 30 feet), or is between 30 to 50 feet of stream (30-50 feet).
If none of the following stressors occurs on either bank, check here and skip to Metric 22: []
Abuts < 30 feet 30-50 feet
LB RB LB RB LB RB
OA XA [OA OA OA A Row crops
(O8 OB [@OB [B (O [B Maintained turf
OJc dOc [@Odc Odc Jc [Odc Pasture (no livestock)/commercial horticulture
Op [Obp b [Ob b b Pasture (active livestock use)

22. Stem Density — streamside area metric (skip for Tidal Marsh Streams)
Consider for left bank (LB) and right bank (RB) for Metric 19 (“Wooded” Buffer Width).
LB RB
OA OA Medium to high stem density
B B Low stem density
Xc Xic No wooded riparian buffer or predominantly herbaceous species or bare ground

23. Continuity of Vegetated Buffer — streamside area metric (skip for Tidal Marsh Streams)
Consider whether vegetated buffer is continuous along stream (parallel). Breaks are areas lacking vegetation > 10 feet wide.
LB RB
XA XA The total length of buffer breaks is < 25 percent.
B B The total length of buffer breaks is between 25 and 50 percent.
c c The total length of buffer breaks is > 50 percent.

24. Vegetative Composition — streamside area metric (skip for Tidal Marsh Streams)
Evaluate the dominant vegetation within 100 feet of each bank or to the edge of the watershed (whichever comes first) as it contributes to
assessment reach habitat.

LB RB

A A Vegetation is close to undisturbed in species present and their proportions. Lower strata composed of native species,
with non-native invasive species absent or sparse.

B B Vegetation indicates disturbance in terms of species diversity or proportions, but is still largely composed of native

species. This may include communities of weedy native species that develop after clear-cutting or clearing or
communities with non-native invasive species present, but not dominant, over a large portion of the expected strata or
communities missing understory but retaining canopy trees.

Xc Xc Vegetation is severely disturbed in terms of species diversity or proportions. Mature canopy is absent or communities
with non-native invasive species dominant over a large portion of expected strata or communities composed of planted
stands of non-characteristic species or communities inappropriately composed of a single species or no vegetation.

25. Conductivity — assessment reach metric (skip for all Coastal Plain streams)
25a. [JYes [XINo Was conductivity measurement recorded?
If No, select one of the following reasons. [[JNo Water [JOther:

25b. Check the box corresponding to the conductivity measurement (units of microsiemens per centimeter).
OJA <46 B 46to<67 [JC 67t0<79 [OD 79to <230 [JE =230

Notes/Sketch:




Draft NC SAM Stream Rating Sheet
Accompanies User Manual Version 2.1

Stream Site Name  Frink SAM #1 Date of Assessment  9/30/19
Stream Category Oa3 Assessor Name/Organization  Jernigan/Axiom
Notes of Field Assessment Form (Y/N) NO
Presence of regulatory considerations (Y/N) NO
Additional stream information/supplementary measurements included (Y/N)
NC SAM feature type (perennial, intermittent, Tidal Marsh Stream) Perennial
USACE/ NCDWR
Function Class Rating Summary All Streams  Intermittent
(1) Hydrology LOW
(2) Baseflow HIGH
(2) Flood Flow LOW
(3) Streamside Area Attenuation Low
(4) Floodplain Access MEDIUM
(4) Wooded Riparian Buffer Low
(4) Microtopography Low
(3) Stream Stability MEDIUM
(4) Channel Stability HIGH
(4) Sediment Transport NA
(4) Stream Geomorphology LOW
(2) Stream/Intertidal Zone Interaction NA
(2) Longitudinal Tidal Flow NA
(2) Tidal Marsh Stream Stability NA
(3) Tidal Marsh Channel Stability NA
(3) Tidal Marsh Stream Geomorphology NA
(1) Water Quality LOW
(2) Baseflow HIGH
(2) Streamside Area Vegetation LOW
(3) Upland Pollutant Filtration LOW
(3) Thermoregulation MEDIUM
(2) Indicators of Stressors NO
(2) Aquatic Life Tolerance LOW
(2) Intertidal Zone Filtration NA
(1) Habitat LOW
(2) In-stream Habitat LOW
(3) Baseflow HIGH
(3) Substrate Low
(3) Stream Stability MEDIUM
(3) In-stream Habitat MEDIUM
(2) Stream-side Habitat Low
(3) Stream-side Habitat Low
(3) Thermoregulation LOW
(2) Tidal Marsh In-stream Habitat NA
(3) Flow Restriction NA
(3) Tidal Marsh Stream Stability NA
(4) Tidal Marsh Channel Stability NA
(4) Tidal Marsh Stream Geomorphology NA
(3) Tidal Marsh In-stream Habitat NA
(2) Intertidal Zone NA

Overall LOow




NC SAM FIELD ASSESSMENT RESULTS
Accompanies User Manual Version 2.1

USACE AID #: NCDWR #:

INSTRUCTIONS: Attach a sketch of the assessment area and photographs. Attach a copy of the USGS 7.5-minute topographic quadrangle,
and circle the location of the stream reach under evaluation. If multiple stream reaches will be evaluated on the same property, identify and
number all reaches on the attached map, and include a separate form for each reach. See the NC SAM User Manual for detailed descriptions
and explanations of requested information. Record in the “Notes/Sketch” section if supplementary measurements were performed. See the
NC SAM User Manual for examples of additional measurements that may be relevant.

NOTE EVIDENCE OF STRESSORS AFFECTING THE ASSESSMENT AREA (do not need to be within the assessment area).

PROJECT/SITE INFORMATION:

1. Project name (if any): Frink SAM #2 2. Date of evaluation: 9/30/19

3. Applicant/owner name: Clearwater Mitigation Solutions 4. Assessor name/organization: Jernigan/Axiom

5. County: Brunswick 6. Nearest named water body

7. River basin: Lumber on USGS 7.5-minute quad: Cool Run

8. Site coordinates (decimal degrees, at lower end of assessment reach): 33.970878, -78.473142

STREAM INFORMATION: (depth and width can be approximations)

9. Site number (show on attached map): SAM #2, UT-1 10. Length of assessment reach evaluated (feet): 200

11. Channel depth from bed (in riffle, if present) to top of bank (feet): 5 [JUnable to assess channel depth.
12. Channel width at top of bank (feet): 12 13. Is assessment reach a swamp steam? [JYes [XINo

14. Feature type: [JPerennial flow [XIntermittent flow []Tidal Marsh Stream
STREAM CATEGORY INFORMATION:

15. NC SAM Zone: [J Mountains (M) [ Piedmont (P) [J Inner Coastal Plain (1) X] Outer Coastal Plain (O)
16. Estimated geomorphic

valley shape (skip for A I8

Tidal Marsh Stream): (more sinuous stream, flatter valley slope) (less sinuous stream, steeper valley slope)
17. Watershed size: (skip [JSize 1 (< 0.1 mi?) [XSize2(0.1t0<0.5mi?) []Size 3 (0.5to <5 mi?) [JSize 4 (= 5 mi?)

for Tidal Marsh Stream)
ADDITIONAL INFORMATION:
18. Were regulatory considerations evaluated? []Yes [XINo If Yes, check all that apply to the assessment area.

[JSection 10 water [Classified Trout Waters [Owater Supply Watershed ((JI (il (Jii JIiv [Jv)
[CJEssential Fish Habitat [JPrimary Nursery Area [J High Quality Waters/Outstanding Resource Waters
[JPublicly owned property [CJNCDWR Riparian buffer rule in effect [ JNutrient Sensitive Waters
[JAnadromous fish [J303(d) List [CJCAMA Area of Environmental Concern (AEC)
[CJDocumented presence of a federal and/or state listed protected species within the assessment area.

List species:

[JDesignated Critical Habitat (list species)
19. Are additional stream information/supplementary measurements included in “Notes/Sketch” section or attached? [JYes [[JNo

Channel Water — assessment reach metric (skip for Size 1 streams and Tidal Marsh Streams)

XA Water throughout assessment reach.
B No flow, water in pools only.
c No water in assessment reach.

Evidence of Flow Restriction — assessment reach metric

XA At least 10% of assessment reach in-stream habitat or riffle-pool sequence is severely affected by a flow restriction or fill to the
point of obstructing flow or a channel choked with aquatic macrophytes or ponded water or impoundment on flood or ebb within
the assessment reach (examples: undersized or perched culverts, causeways that constrict the channel, tidal gates, debris jams,
beaver dams).

] Not A
Feature Pattern — assessment reach metric
XA A majority of the assessment reach has altered pattern (examples: straightening, modification above or below culvert).
8 Not A
4. Feature Longitudinal Profile — assessment reach metric
XA Maijority of assessment reach has a substantially altered stream profile (examples: channel down-cutting, existing damming, over

widening, active aggradation, dredging, and excavation where appropriate channel profile has not reformed from any of these
disturbances).
B Not A

5. Signs of Active Instability — assessment reach metric
Consider only current instability, not past events from which the stream has currently recovered. Examples of instability include
active bank failure, active channel down-cutting (head-cut), active widening, and artificial hardening (such as concrete, gabion, rip-rap).
XA < 10% of channel unstable
B 10 to 25% of channel unstable
c > 25% of channel unstable



6. Streamside Area Interaction — streamside area metric

Consider for the Left Bank (LB) and the Right Bank (RB).

LB RB

XA XA Little or no evidence of conditions that adversely affect reference interaction

B B Moderate evidence of conditions (examples: berms, levees, down-cutting, aggradation, dredging) that adversely affect
reference interaction (examples: limited streamside area access, disruption of flood flows through streamside area, leaky
or intermittent bulkheads, causeways with floodplain constriction, minor ditching [including mosquito ditching])

c c Extensive evidence of conditions that adversely affect reference interaction (little to no floodplain/intertidal zone access
[examples: causeways with floodplain and channel constriction, bulkheads, retaining walls, fill, stream incision, disruption
of flood flows through streamside area] or too much floodplain/intertidal zone access [examples: impoundments, intensive
mosquito ditching]) or floodplain/intertidal zone unnaturally absent or assessment reach is a man-made feature on an
interstream divide

7. Water Quality Stressors — assessment reach/intertidal zone metric

Check all that apply.

A Discolored water in stream or intertidal zone (milky white, blue, unnatural water discoloration, oil sheen, stream foam)

1B Excessive sedimentation (burying of stream features or intertidal zone)

Jc Noticeable evidence of pollutant discharges entering the assessment reach and causing a water quality problem

D Odor (not including natural sulfide odors)

e Current published or collected data indicating degraded water quality in the assessment reach. Cite source in “Notes/Sketch”

section.

F Livestock with access to stream or intertidal zone

G Excessive algae in stream or intertidal zone

[H Degraded marsh vegetation in the intertidal zone (removal, burning, regular mowing, destruction, etc)

I Other: (explain in “Notes/Sketch” section)

XJ Little to no stressors

8. Recent Weather — watershed metric (skip for Tidal Marsh Streams)

For Size 1 or 2 streams, D1 drought or higher is considered a drought; for Size 3 or 4 streams, D2 drought or higher is considered a drought.

XA Drought conditions and no rainfall or rainfall not exceeding 1 inch within the last 48 hours

B Drought conditions and rainfall exceeding 1 inch within the last 48 hours

c No drought conditions

9. Large or Dangerous Stream — assessment reach metric
[JYes [XNo Isstream is too large or dangerous to assess? If Yes, skip to Metric 13 (Streamside Area Ground Surface Condition).
10. Natural In-stream Habitat Types — assessment reach metric
10a. XIYes [No Degraded in-stream habitat over majority of the assessment reach (examples of stressors include excessive
sedimentation, mining, excavation, in-stream hardening [for example, rip-rap], recent dredging, and snagging)
(evaluate for Size 4 Coastal Plain streams only, then skip to Metric 12)
10b. Check all that occur (occurs if > 5% coverage of assessment reach) (skip for Size 4 Coastal Plain streams)
A Multiple aquatic macrophytes and aquatic mosses - OF 5% oysters or other natural hard bottoms
(include liverworts, lichens, and algal mats) 2 £ G Submerged aquatic vegetation
B Multiple sticks and/or leaf packs and/or emergent 5 % OH Low-tide refugia (pools)
vegetation % = [ Sand bottom
c Multiple snags and logs (including lap trees) 25 J 5% vertical bank along the marsh
D 5% undercut banks and/or root mats and/or roots ~ © = Ok Little or no habitat
in banks extend to the normal wetted perimeter
XE Little or no habitat
REMAINING QUESTIONS ARE NOT APPLICABLE FOR TIDAL MARSH STREAMS
11. Bedform and Substrate — assessment reach metric (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams)

11a. [JYes [INo Is assessment reach in a natural sand-bed stream? (skip for Coastal Plain streams)

11b. Bedform evaluated. Check the appropriate box(es).
A Riffle-run section (evaluate 11c)
B Pool-glide section (evaluate 11d)
Xc Natural bedform absent (skip to Metric 12, Aquatic Life)

11c. Inriffle sections, check all that occur below the normal wetted perimeter of the assessment reach — whether or not submerged. Check
at least one box in each row (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams). Not Present (NP) = absent, Rare
(R) = present but < 10%, Common (C) = > 10-40%, Abundant (A) = > 40-70%, Predominant (P) = > 70%. Cumulative percentages
should not exceed 100% for each assessment reach.
NP

Bedrock/saprolite

Boulder (256 — 4096 mm)

Cobble (64 — 256 mm)

Gravel (2 — 64 mm)

Sand (.062 — 2 mm)

Silt/clay (< 0.062 mm)

Detritus

Atrtificial (rip-rap, concrete, etc.)

(0 o

I o
Ooooooooe
o
I

11d. [JYes [INo Are pools filled with sediment? (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams)



12.

13.

14.

15.

16.

17.

18.

Aquatic Life — assessment reach metric (skip for Tidal Marsh Streams)
12a. XIYes [No Was an in-stream aquatic life assessment performed as described in the User Manual?
If No, select one of the following reasons and skip to Metric 13. [ JNo Water [JOther:

12b. [JYes [XINo Are aquatic organisms present in the assessment reach (look in riffles, pools, then snags)? If Yes, check all that
apply. If No, skip to Metric 13.

>1 Numbers over columns refer to “individuals” for Size 1 and 2 streams and “taxa” for Size 3 and 4 streams.
[JAdult frogs

[JAquatic reptiles

[CJAquatic macrophytes and aquatic mosses (include liverworts, lichens, and algal mats)
[Beetles

[JCaddisfly larvae (T)

[JAsian clam (Corbicula)

[JCrustacean (isopod/amphipod/crayfish/shrimp)

[(JDamselfly and dragonfly larvae

[IDipterans

[(IMayfly larvae (E)

[(OMegaloptera (alderfly, fishfly, dobsonfly larvae)
[JMidges/mosquito larvae

[(IMosquito fish (Gambusia) or mud minnows (Umbra pygmaea)
[OMussels/Clams (not Corbicula)

[JOther fish

[JSalamanders/tadpoles

[ISnails

[JStonefly larvae (P)

[Tipulid larvae

[OWorms/leeches

OoOoooooooooooooooogo-

Streamside Area Ground Surface Condition — streamside area metric (skip for Tidal Marsh Streams and B valley types)
Consider for the Left Bank (LB) and the Right Bank (RB). Consider storage capacity with regard to both overbank flow and upland runoff.
LB RB

A A Little or no alteration to water storage capacity over a majority of the streamside area
B B Moderate alteration to water storage capacity over a majority of the streamside area
Xc Xc Severe alteration to water storage capacity over a majority of the streamside area (examples: ditches, fill, soil compaction,

livestock disturbance, buildings, man-made levees, drainage pipes)

Streamside Area Water Storage — streamside area metric (skip for Size 1 streams, Tidal Marsh Streams, and B valley types)
Consider for the Left Bank (LB) and the Right Bank (RB) of the streamside area.

LB RB

A A Majority of streamside area with depressions able to pond water = 6 inches deep
B B Majority of streamside area with depressions able to pond water 3 to 6 inches deep
Xc Xic Majority of streamside area with depressions able to pond water < 3 inches deep

Wetland Presence — streamside area metric (skip for Tidal Marsh Streams)
Consider for the Left Bank (LB) and the Right Bank (RB). Do not consider wetlands outside of the streamside area or within the normal
wetted perimeter of assessment reach.

LB RB
Oy Oy Are wetlands present in the streamside area?
XIN XIN

Baseflow Contributors — assessment reach metric (skip for Size 4 streams and Tidal Marsh Streams)
Check all contributors within the assessment reach or within view of and draining to the assessment reach.

A Streams and/or springs (jurisdictional discharges)

B Ponds (include wet detention basins; do not include sediment basins or dry detention basins)

c Obstruction passing flow during low-flow periods within the assessment area (beaver dam, leaky dam, bottom-release dam, weir)
D Evidence of bank seepage or sweating (iron in water indicates seepage)

XE Stream bed or bank soil reduced (dig through deposited sediment if present)
OF None of the above

Baseflow Detractors — assessment area metric (skip for Tidal Marsh Streams)
Check all that apply.

A Evidence of substantial water withdrawals from the assessment reach (includes areas excavated for pump installation)

B Obstruction not passing flow during low-flow periods affecting the assessment reach (ex: watertight dam, sediment deposit)
c Urban stream (= 24% impervious surface for watershed)

D Evidence that the streamside area has been modified resulting in accelerated drainage into the assessment reach

e Assessment reach relocated to valley edge

XF None of the above

Shading — assessment reach metric (skip for Tidal Marsh Streams)

Consider aspect. Consider “leaf-on” condition.

A Stream shading is appropriate for stream category (may include gaps associated with natural processes)
B Degraded (example: scattered trees)

Xc Stream shading is gone or largely absent



19. Buffer Width — streamside area metric (skip for Tidal Marsh Streams)
Consider “vegetated buffer” and “wooded buffer” separately for left bank (LB) and right bank (RB) starting at the top of bank out
to the first break.
Vegetated Wooded
LB RB LB RB
XA XA [OA OA > 100 feet wide or extends to the edge of the watershed
(O8 OB [OB [B From 50 to < 100 feet wide
Oc dc [»dc [@dc From 30 to < 50 feet wide
Op [Obp b [Ob From 10 to < 30 feet wide
O O XE XE < 10 feet wide or no trees

20. Buffer Structure — streamside area metric (skip for Tidal Marsh Streams)
Consider for left bank (LB) and right bank (RB) for Metric 19 (“Vegetated” Buffer Width).

LB RB

A A Mature forest

B B Non-mature woody vegetation or modified vegetation structure

Xc Xc Herbaceous vegetation with or without a strip of trees < 10 feet wide

[Op o) Maintained shrubs
e e Little or no vegetation

21. Buffer Stressors — streamside area metric (skip for Tidal Marsh Streams)
Check all appropriate boxes for left bank (LB) and right bank (RB). Indicate if listed stressor abuts stream (Abuts), does not abut but is
within 30 feet of stream (< 30 feet), or is between 30 to 50 feet of stream (30-50 feet).
If none of the following stressors occurs on either bank, check here and skip to Metric 22: []
Abuts < 30 feet 30-50 feet
LB RB LB RB LB RB
XA XA XA XA XA XA Row crops
(O8 OB [@OB [B (O [B Maintained turf
OJc dOc [@Odc Odc Jc [Odc Pasture (no livestock)/commercial horticulture
Op [Obp b [Ob b b Pasture (active livestock use)

22. Stem Density — streamside area metric (skip for Tidal Marsh Streams)
Consider for left bank (LB) and right bank (RB) for Metric 19 (“Wooded” Buffer Width).
LB RB
OA OA Medium to high stem density
B B Low stem density
Xc Xic No wooded riparian buffer or predominantly herbaceous species or bare ground

23. Continuity of Vegetated Buffer — streamside area metric (skip for Tidal Marsh Streams)
Consider whether vegetated buffer is continuous along stream (parallel). Breaks are areas lacking vegetation > 10 feet wide.
LB RB
XA XA The total length of buffer breaks is < 25 percent.
B B The total length of buffer breaks is between 25 and 50 percent.
c c The total length of buffer breaks is > 50 percent.

24. Vegetative Composition — streamside area metric (skip for Tidal Marsh Streams)
Evaluate the dominant vegetation within 100 feet of each bank or to the edge of the watershed (whichever comes first) as it contributes to
assessment reach habitat.

LB RB

A A Vegetation is close to undisturbed in species present and their proportions. Lower strata composed of native species,
with non-native invasive species absent or sparse.

B B Vegetation indicates disturbance in terms of species diversity or proportions, but is still largely composed of native

species. This may include communities of weedy native species that develop after clear-cutting or clearing or
communities with non-native invasive species present, but not dominant, over a large portion of the expected strata or
communities missing understory but retaining canopy trees.

Xc Xc Vegetation is severely disturbed in terms of species diversity or proportions. Mature canopy is absent or communities
with non-native invasive species dominant over a large portion of expected strata or communities composed of planted
stands of non-characteristic species or communities inappropriately composed of a single species or no vegetation.

25. Conductivity — assessment reach metric (skip for all Coastal Plain streams)
25a. [JYes [XINo Was conductivity measurement recorded?
If No, select one of the following reasons. [[JNo Water [JOther:

25b. Check the box corresponding to the conductivity measurement (units of microsiemens per centimeter).
OJA <46 B 46to<67 [JC 67t0<79 [OD 79to <230 [JE =230

Notes/Sketch:




Stream Site Name
Stream Category

Draft NC SAM Stream Rating Sheet
Accompanies User Manual Version 2.1

Notes of Field Assessment Form (Y/N)

Presence of regulatory considerations (Y/N)

Additional stream information/supplementary measurements included (Y/N)
NC SAM feature type (perennial, intermittent, Tidal Marsh Stream)

Frink SAM #2 Date of Assessment  9/30/19

Oa2 Assessor Name/Organization  Jernigan/Axiom
NO
NO

Intermittent

USACE/ NCDWR
Function Class Rating Summary All Streams  Intermittent
(1) Hydrology MEDIUM MEDIUM
(2) Baseflow HIGH HIGH
(2) Flood Flow MEDIUM MEDIUM
(3) Streamside Area Attenuation MEDIUM MEDIUM
(4) Floodplain Access HIGH HIGH
(4) Wooded Riparian Buffer LOW LOW
(4) Microtopography Low Low
(3) Stream Stability MEDIUM MEDIUM
(4) Channel Stability HIGH HIGH
(4) Sediment Transport NA NA
(4) Stream Geomorphology LOW LOW
(2) Stream/Intertidal Zone Interaction NA NA
(2) Longitudinal Tidal Flow NA NA
(2) Tidal Marsh Stream Stability NA NA
(3) Tidal Marsh Channel Stability NA NA
(3) Tidal Marsh Stream Geomorphology NA NA
(1) Water Quality LOW LOW
(2) Baseflow HIGH HIGH
(2) Streamside Area Vegetation LOW LOW
(3) Upland Pollutant Filtration LOW LOW
(3) Thermoregulation Low Low
(2) Indicators of Stressors NO NO
(2) Aquatic Life Tolerance OMITTED NA
(2) Intertidal Zone Filtration NA NA
(1) Habitat LOW LOwW
(2) In-stream Habitat LOW LOW
(3) Baseflow HIGH HIGH
(3) Substrate Low Low
(3) Stream Stability MEDIUM MEDIUM
(3) In-stream Habitat Low Low
(2) Stream-side Habitat Low Low
(3) Stream-side Habitat Low Low
(3) Thermoregulation LOW LOW
(2) Tidal Marsh In-stream Habitat NA NA
(3) Flow Restriction NA NA
(3) Tidal Marsh Stream Stability NA NA
(4) Tidal Marsh Channel Stability NA NA
(4) Tidal Marsh Stream Geomorphology NA NA
(3) Tidal Marsh In-stream Habitat NA NA
(2) Intertidal Zone NA NA
Overall Low Low




NC SAM FIELD ASSESSMENT RESULTS
Accompanies User Manual Version 2.1

USACE AID #: NCDWR #:

INSTRUCTIONS: Attach a sketch of the assessment area and photographs. Attach a copy of the USGS 7.5-minute topographic quadrangle,
and circle the location of the stream reach under evaluation. If multiple stream reaches will be evaluated on the same property, identify and
number all reaches on the attached map, and include a separate form for each reach. See the NC SAM User Manual for detailed descriptions
and explanations of requested information. Record in the “Notes/Sketch” section if supplementary measurements were performed. See the
NC SAM User Manual for examples of additional measurements that may be relevant.

NOTE EVIDENCE OF STRESSORS AFFECTING THE ASSESSMENT AREA (do not need to be within the assessment area).

PROJECT/SITE INFORMATION:

1. Project name (if any): Frink SAM #3 2. Date of evaluation: 9/30/19

3. Applicant/owner name: Clearwater Mitigation Solutions 4. Assessor name/organization: Lewis/Axiom
5. County: Brunswick 6. Nearest named water body

7. River basin: Lumber on USGS 7.5-minute quad: Cool Run

8. Site coordinates (decimal degrees, at lower end of assessment reach): 33.971934, -78.470697

STREAM INFORMATION: (depth and width can be approximations)
SAM #3 Cool Run

9. Site number (show on attached map): usS 10. Length of assessment reach evaluated (feet): 200
11. Channel depth from bed (in riffle, if present) to top of bank (feet): 4 [JUnable to assess channel depth.
12. Channel width at top of bank (feet): 15 13. Is assessment reach a swamp steam? [JYes [XINo

14. Feature type: [X]Perennial flow [Jintermittent flow []Tidal Marsh Stream
STREAM CATEGORY INFORMATION:

15. NC SAM Zone: [J Mountains (M) [ Piedmont (P) [J Inner Coastal Plain (1) [X] Outer Coastal Plain (O)
16. Estimated geomorphic

valley shape (skip for BIA L8

Tidal Marsh Stream): (more sinuous stream, flatter valley slope) (less sinuous stream, steeper valley slope)
17. Watershed size: (skip [OSize 1 (<0.1mi?) [Size2(0.1to<0.5mi?) [XSize 3 (0.5 to <5 mi?) [JSize 4 (= 5 mi?)

for Tidal Marsh Stream)
ADDITIONAL INFORMATION:
18. Were regulatory considerations evaluated? []Yes [XINo If Yes, check all that apply to the assessment area.

[JSection 10 water [Classified Trout Waters [Jwater Supply Watershed ((JI (I (JuI Jiv V)
[JEssential Fish Habitat [JPrimary Nursery Area [J High Quality Waters/Outstanding Resource Waters
[JPublicly owned property [CJNCDWR Riparian buffer rule in effect [ JNutrient Sensitive Waters
[JAnadromous fish [J303(d) List [CJCAMA Area of Environmental Concern (AEC)
[(JDocumented presence of a federal and/or state listed protected species within the assessment area.

List species:

[JDesignated Critical Habitat (list species)
19. Are additional stream information/supplementary measurements included in “Notes/Sketch” section or attached? [JYes [[JNo

Channel Water — assessment reach metric (skip for Size 1 streams and Tidal Marsh Streams)

XA Water throughout assessment reach.
B No flow, water in pools only.
c No water in assessment reach.

Evidence of Flow Restriction — assessment reach metric

A At least 10% of assessment reach in-stream habitat or riffle-pool sequence is severely affected by a flow restriction or fill to the
point of obstructing flow or a channel choked with aquatic macrophytes or ponded water or impoundment on flood or ebb within
the assessment reach (examples: undersized or perched culverts, causeways that constrict the channel, tidal gates, debris jams,
beaver dams).

XB Not A
Feature Pattern — assessment reach metric
XA A majority of the assessment reach has altered pattern (examples: straightening, modification above or below culvert).
B Not A
4. Feature Longitudinal Profile — assessment reach metric
XA Maijority of assessment reach has a substantially altered stream profile (examples: channel down-cutting, existing damming, over

widening, active aggradation, dredging, and excavation where appropriate channel profile has not reformed from any of these
disturbances).
B Not A

5. Signs of Active Instability — assessment reach metric
Consider only current instability, not past events from which the stream has currently recovered. Examples of instability include
active bank failure, active channel down-cutting (head-cut), active widening, and artificial hardening (such as concrete, gabion, rip-rap).
XA < 10% of channel unstable
B8 10 to 25% of channel unstable
c > 25% of channel unstable



6. Streamside Area Interaction — streamside area metric

Consider for the Left Bank (LB) and the Right Bank (RB).

LB RB

A A Little or no evidence of conditions that adversely affect reference interaction

B B Moderate evidence of conditions (examples: berms, levees, down-cutting, aggradation, dredging) that adversely affect
reference interaction (examples: limited streamside area access, disruption of flood flows through streamside area, leaky
or intermittent bulkheads, causeways with floodplain constriction, minor ditching [including mosquito ditching])

Xc Xc Extensive evidence of conditions that adversely affect reference interaction (little to no floodplain/intertidal zone access
[examples: causeways with floodplain and channel constriction, bulkheads, retaining walls, fill, stream incision, disruption
of flood flows through streamside area] or too much floodplain/intertidal zone access [examples: impoundments, intensive
mosquito ditching]) or floodplain/intertidal zone unnaturally absent or assessment reach is a man-made feature on an
interstream divide

7. Water Quality Stressors — assessment reach/intertidal zone metric

Check all that apply.

A Discolored water in stream or intertidal zone (milky white, blue, unnatural water discoloration, oil sheen, stream foam)

1B Excessive sedimentation (burying of stream features or intertidal zone)

Jc Noticeable evidence of pollutant discharges entering the assessment reach and causing a water quality problem

D Odor (not including natural sulfide odors)

e Current published or collected data indicating degraded water quality in the assessment reach. Cite source in “Notes/Sketch”

section.

F Livestock with access to stream or intertidal zone

G Excessive algae in stream or intertidal zone

[H Degraded marsh vegetation in the intertidal zone (removal, burning, regular mowing, destruction, etc)

I Other: (explain in “Notes/Sketch” section)

XJ Little to no stressors

8. Recent Weather — watershed metric (skip for Tidal Marsh Streams)

For Size 1 or 2 streams, D1 drought or higher is considered a drought; for Size 3 or 4 streams, D2 drought or higher is considered a drought.

XA Drought conditions and no rainfall or rainfall not exceeding 1 inch within the last 48 hours

B Drought conditions and rainfall exceeding 1 inch within the last 48 hours

c No drought conditions

9. Large or Dangerous Stream — assessment reach metric
[JYes [XNo Isstream is too large or dangerous to assess? If Yes, skip to Metric 13 (Streamside Area Ground Surface Condition).
10. Natural In-stream Habitat Types — assessment reach metric
10a. [JYes [No Degraded in-stream habitat over majority of the assessment reach (examples of stressors include excessive
sedimentation, mining, excavation, in-stream hardening [for example, rip-rap], recent dredging, and snagging)
(evaluate for Size 4 Coastal Plain streams only, then skip to Metric 12)
10b. Check all that occur (occurs if > 5% coverage of assessment reach) (skip for Size 4 Coastal Plain streams)
A Multiple aquatic macrophytes and aquatic mosses - OF 5% oysters or other natural hard bottoms
(include liverworts, lichens, and algal mats) 2 £ G Submerged aquatic vegetation
XB Multiple sticks and/or leaf packs and/or emergent 5 % OH Low-tide refugia (pools)
vegetation % = [ Sand bottom
Xc Multiple snags and logs (including lap trees) 25 J 5% vertical bank along the marsh
D 5% undercut banks and/or root mats and/or roots ~ © = Ok Little or no habitat
in banks extend to the normal wetted perimeter
e Little or no habitat
REMAINING QUESTIONS ARE NOT APPLICABLE FOR TIDAL MARSH STREAMS
11. Bedform and Substrate — assessment reach metric (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams)

11a. [JYes [INo Is assessment reach in a natural sand-bed stream? (skip for Coastal Plain streams)

11b. Bedform evaluated. Check the appropriate box(es).
XA Riffle-run section (evaluate 11c)
XB Pool-glide section (evaluate 11d)
c Natural bedform absent (skip to Metric 12, Aquatic Life)

11c. Inriffle sections, check all that occur below the normal wetted perimeter of the assessment reach — whether or not submerged. Check
at least one box in each row (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams). Not Present (NP) = absent, Rare
(R) = present but < 10%, Common (C) = > 10-40%, Abundant (A) = > 40-70%, Predominant (P) = > 70%. Cumulative percentages
should not exceed 100% for each assessment reach.
NP

Bedrock/saprolite

Boulder (256 — 4096 mm)

Cobble (64 — 256 mm)

Gravel (2 — 64 mm)

Sand (.062 — 2 mm)

Silt/clay (< 0.062 mm)

Detritus

Atrtificial (rip-rap, concrete, etc.)

XOOOOXXK

OXOOXOOO®
OOxOOOOOe
=
I

11d. XIYes [INo Are pools filled with sediment? (skip for Size 4 Coastal Plain streams and Tidal Marsh Streams)



12.

13.

14.

15.

16.

17.

18.

Aquatic Life — assessment reach metric (skip for Tidal Marsh Streams)
12a. XIYes [No Was an in-stream aquatic life assessment performed as described in the User Manual?
If No, select one of the following reasons and skip to Metric 13. [ JNo Water [JOther:

12b. XIYes [INo Are aquatic organisms present in the assessment reach (look in riffles, pools, then snags)? If Yes, check all that
apply. If No, skip to Metric 13.

>1 Numbers over columns refer to “individuals” for Size 1 and 2 streams and “taxa” for Size 3 and 4 streams.
[JAdult frogs

[JAquatic reptiles

[CJAquatic macrophytes and aquatic mosses (include liverworts, lichens, and algal mats)
[Beetles

[JCaddisfly larvae (T)

[JAsian clam (Corbicula)

XICrustacean (isopod/amphipod/crayfish/shrimp)

[(JDamselfly and dragonfly larvae

[IDipterans

[(IMayfly larvae (E)

[(OMegaloptera (alderfly, fishfly, dobsonfly larvae)
[JMidges/mosquito larvae

[(IMosquito fish (Gambusia) or mud minnows (Umbra pygmaea)
[OMussels/Clams (not Corbicula)

[JOther fish

[JSalamanders/tadpoles

[ISnails

[JStonefly larvae (P)

[Tipulid larvae

[OWorms/leeches

OoOoooooooooooooooogo-

Streamside Area Ground Surface Condition — streamside area metric (skip for Tidal Marsh Streams and B valley types)
Consider for the Left Bank (LB) and the Right Bank (RB). Consider storage capacity with regard to both overbank flow and upland runoff.
LB RB

A A Little or no alteration to water storage capacity over a majority of the streamside area
B B Moderate alteration to water storage capacity over a majority of the streamside area
Xc Xc Severe alteration to water storage capacity over a majority of the streamside area (examples: ditches, fill, soil compaction,

livestock disturbance, buildings, man-made levees, drainage pipes)

Streamside Area Water Storage — streamside area metric (skip for Size 1 streams, Tidal Marsh Streams, and B valley types)
Consider for the Left Bank (LB) and the Right Bank (RB) of the streamside area.

LB RB

XA XA Majority of streamside area with depressions able to pond water = 6 inches deep
B B Majority of streamside area with depressions able to pond water 3 to 6 inches deep
c c Majority of streamside area with depressions able to pond water < 3 inches deep

Wetland Presence — streamside area metric (skip for Tidal Marsh Streams)
Consider for the Left Bank (LB) and the Right Bank (RB). Do not consider wetlands outside of the streamside area or within the normal
wetted perimeter of assessment reach.

LB RB
Xy Xy Are wetlands present in the streamside area?
CIN CIN

Baseflow Contributors — assessment reach metric (skip for Size 4 streams and Tidal Marsh Streams)
Check all contributors within the assessment reach or within view of and draining to the assessment reach.

A Streams and/or springs (jurisdictional discharges)

B Ponds (include wet detention basins; do not include sediment basins or dry detention basins)

c Obstruction passing flow during low-flow periods within the assessment area (beaver dam, leaky dam, bottom-release dam, weir)
XD Evidence of bank seepage or sweating (iron in water indicates seepage)

XE Stream bed or bank soil reduced (dig through deposited sediment if present)
OF None of the above

Baseflow Detractors — assessment area metric (skip for Tidal Marsh Streams)
Check all that apply.

A Evidence of substantial water withdrawals from the assessment reach (includes areas excavated for pump installation)

B Obstruction not passing flow during low-flow periods affecting the assessment reach (ex: watertight dam, sediment deposit)
c Urban stream (= 24% impervious surface for watershed)

D Evidence that the streamside area has been modified resulting in accelerated drainage into the assessment reach

XE Assessment reach relocated to valley edge

OF None of the above

Shading — assessment reach metric (skip for Tidal Marsh Streams)

Consider aspect. Consider “leaf-on” condition.

A Stream shading is appropriate for stream category (may include gaps associated with natural processes)
XB Degraded (example: scattered trees)

c Stream shading is gone or largely absent



19. Buffer Width — streamside area metric (skip for Tidal Marsh Streams)
Consider “vegetated buffer” and “wooded buffer” separately for left bank (LB) and right bank (RB) starting at the top of bank out
to the first break.
Vegetated Wooded
LB RB LB RB
XA XA [OA A > 100 feet wide or extends to the edge of the watershed
(08 OB XB [IB From 50 to < 100 feet wide
Oc dc [»dc [@dc From 30 to < 50 feet wide
Op [Obp b [Ob From 10 to < 30 feet wide
Oe O O XE < 10 feet wide or no trees

20. Buffer Structure — streamside area metric (skip for Tidal Marsh Streams)
Consider for left bank (LB) and right bank (RB) for Metric 19 (“Vegetated” Buffer Width).

LB RB

XA A Mature forest

B XB Non-mature woody vegetation or modified vegetation structure

c c Herbaceous vegetation with or without a strip of trees < 10 feet wide

[Op o) Maintained shrubs
e e Little or no vegetation

21. Buffer Stressors — streamside area metric (skip for Tidal Marsh Streams)
Check all appropriate boxes for left bank (LB) and right bank (RB). Indicate if listed stressor abuts stream (Abuts), does not abut but is
within 30 feet of stream (< 30 feet), or is between 30 to 50 feet of stream (30-50 feet).
If none of the following stressors occurs on either bank, check here and skip to Metric 22: [X]
Abuts < 30 feet 30-50 feet
LB RB LB RB LB RB
OA OA [OA OA OA A Row crops
(O8 OB [@OB [B (O [B Maintained turf
OJc dOc [@Odc Odc Jc [Odc Pasture (no livestock)/commercial horticulture
Op [Obp b [Ob b b Pasture (active livestock use)

22. Stem Density — streamside area metric (skip for Tidal Marsh Streams)
Consider for left bank (LB) and right bank (RB) for Metric 19 (“Wooded” Buffer Width).
LB RB
XA OA Medium to high stem density
B XB Low stem density
c c No wooded riparian buffer or predominantly herbaceous species or bare ground

23. Continuity of Vegetated Buffer — streamside area metric (skip for Tidal Marsh Streams)
Consider whether vegetated buffer is continuous along stream (parallel). Breaks are areas lacking vegetation > 10 feet wide.
LB RB
XA XA The total length of buffer breaks is < 25 percent.
B B The total length of buffer breaks is between 25 and 50 percent.
c c The total length of buffer breaks is > 50 percent.

24. Vegetative Composition — streamside area metric (skip for Tidal Marsh Streams)
Evaluate the dominant vegetation within 100 feet of each bank or to the edge of the watershed (whichever comes first) as it contributes to
assessment reach habitat.

LB RB

A A Vegetation is close to undisturbed in species present and their proportions. Lower strata composed of native species,
with non-native invasive species absent or sparse.

XB XB Vegetation indicates disturbance in terms of species diversity or proportions, but is still largely composed of native

species. This may include communities of weedy native species that develop after clear-cutting or clearing or
communities with non-native invasive species present, but not dominant, over a large portion of the expected strata or
communities missing understory but retaining canopy trees.

c c Vegetation is severely disturbed in terms of species diversity or proportions. Mature canopy is absent or communities
with non-native invasive species dominant over a large portion of expected strata or communities composed of planted
stands of non-characteristic species or communities inappropriately composed of a single species or no vegetation.

25. Conductivity — assessment reach metric (skip for all Coastal Plain streams)
25a. [JYes [XINo Was conductivity measurement recorded?
If No, select one of the following reasons. [[JNo Water [JOther:

25b. Check the box corresponding to the conductivity measurement (units of microsiemens per centimeter).
OJA <46 B 46to<67 [JC 67t0<79 [OD 79to <230 [JE =230

Notes/Sketch:




Draft NC SAM Stream Rating Sheet
Accompanies User Manual Version 2.1

Stream Site Name  Frink SAM #3 Date of Assessment  9/30/19
Stream Category Oa3 Assessor Name/Organization  Lewis/Axiom
Notes of Field Assessment Form (Y/N) NO
Presence of regulatory considerations (Y/N) NO
Additional stream information/supplementary measurements included (Y/N)
NC SAM feature type (perennial, intermittent, Tidal Marsh Stream) Perennial
USACE/ NCDWR
Function Class Rating Summary All Streams  Intermittent
(1) Hydrology LOW
(2) Baseflow HIGH
(2) Flood Flow LOW
(3) Streamside Area Attenuation Low
(4) Floodplain Access Low
(4) Wooded Riparian Buffer MEDIUM
(4) Microtopography MEDIUM
(3) Stream Stability MEDIUM
(4) Channel Stability HIGH
(4) Sediment Transport NA
(4) Stream Geomorphology LOW
(2) Stream/Intertidal Zone Interaction NA
(2) Longitudinal Tidal Flow NA
(2) Tidal Marsh Stream Stability NA
(3) Tidal Marsh Channel Stability NA
(3) Tidal Marsh Stream Geomorphology NA
(1) Water Quality MEDIUM
(2) Baseflow HIGH
(2) Streamside Area Vegetation HIGH
(3) Upland Pollutant Filtration HIGH
(3) Thermoregulation MEDIUM
(2) Indicators of Stressors NO
(2) Aquatic Life Tolerance LOW
(2) Intertidal Zone Filtration NA
(1) Habitat HIGH
(2) In-stream Habitat HIGH
(3) Baseflow HIGH
(3) Substrate HIGH
(3) Stream Stability MEDIUM
(3) In-stream Habitat MEDIUM
(2) Stream-side Habitat MEDIUM
(3) Stream-side Habitat Low
(3) Thermoregulation HIGH
(2) Tidal Marsh In-stream Habitat NA
(3) Flow Restriction NA
(3) Tidal Marsh Stream Stability NA
(4) Tidal Marsh Channel Stability NA
(4) Tidal Marsh Stream Geomorphology NA
(3) Tidal Marsh In-stream Habitat NA
(2) Intertidal Zone NA

Overall MEDIUM




NC WAM FIELD ASSESSMENT RESULTS
Accompanies User Manual Version 5.0

USACE AID # NCDWR#
Project Name _Cool Run Date of Evaluation  4/29/21
Applicant/Owner Name _ Clearwater Mitigation Solutions Wetland Site Name WAM 1
Wetland Type Bottomland Hardwood Forest Assessor Name/Organization _ Jernigan/Axiom
Level Il Ecoregion _Middle Atlantic Coastal Plain Nearest Named Water Body Cool Run
River Basin Lumber USGS 8-Digit Catalogue Unit 03040207
County _ Brunswick NCDWR Region _ Wilmington
[] Yes [X] No Precipitation within 48 hrs? Latitude/Longitude (deci-degrees) 33.969308, -78.471051

Evidence of stressors affecting the assessment area (may not be within the assessment area)
Please circle and/or make note on the last page if evidence of stressors is apparent. Consider departure from reference, if appropriate, in
recent past (for instance, within 10 years). Noteworthy stressors include, but are not limited to the following.

. Hydrological modifications (examples: ditches, dams, beaver dams, dikes, berms, ponds, etc.)

»  Surface and sub-surface discharges into the wetland (examples: discharges containing obvious pollutants, presence of nearby septic

tanks, underground storage tanks (USTs), hog lagoons, etc.)
»  Signs of vegetation stress (examples: vegetation mortality, insect damage, disease, storm damage, salt intrusion, etc.)
. Habitat/plant community alteration (examples: mowing, clear-cutting, exotics, etc.)

Is the assessment area intensively managed? [X] Yes [] No

Regulatory Considerations - Were regulatory considerations evaluated? [JYes XINo If Yes, check all that apply to the assessment area.
| Anadromous fish

O Federally protected species or State endangered or threatened species

O NCDWR riparian buffer rule in effect

| Abuts a Primary Nursery Area (PNA)

| Publicly owned property

| N.C. Division of Coastal Management Area of Environmental Concern (AEC) (including buffer)

O Abuts a stream with a NCDWQ classification of SA or supplemental classifications of HQW, ORW, or Trout
| Designated NCNHP reference community

| Abuts a 303(d)-listed stream or a tributary to a 303(d)-listed stream

W

hat type of natural stream is associated with the wetland, if any? (check all that apply)
X Blackwater
O Brownwater
O Tidal (if tidal, check one of the following boxes) [ Lunar [ Wind [] Both

Is the assessment area on a coastal island? [] Yes [X No

Is the assessment area’s surface water storage capacity or duration substantially altered by beaver? [] Yes [X No
Does the assessment area experience overbank flooding during normal rainfall conditions? [1Yes [X No

Ground Surface Condition/Vegetation Condition — assessment area condition metric

Check a box in each column. Consider alteration to the ground surface (GS) in the assessment area and vegetation structure (VS) in the
assessment area. Compare to reference wetland if applicable (see User Manual). If a reference is not applicable, then rate the assessment
area based on evidence an effect.

GS VS
A A Not severely altered
XB XB Severely altered over a majority of the assessment area (ground surface alteration examples: vehicle tracks, excessive

sedimentation, fire-plow lanes, skidder tracks, bedding, fill, soil compaction, obvious pollutants) (vegetation structure
alteration examples: mechanical disturbance, herbicides, salt intrusion [where appropriate], exotic species, grazing, less
diversity [if appropriate], hydrologic alteration)

Surface and Sub-Surface Storage Capacity and Duration — assessment area condition metric

Check a box in each column. Consider surface storage capacity and duration (Surf) and sub-surface storage capacity and duration (Sub).
Consider both increase and decrease in hydrology. A ditch < 1 foot deep is considered to affect surface water only, while a ditch > 1 foot
deep is expected to affect both surface and sub-surface water. Consider tidal flooding regime, if applicable.

Surf Sub

XA XA Water storage capacity and duration are not altered.
B B Water storage capacity or duration are altered, but not substantially (typically, not sufficient to change vegetation).
c c Water storage capacity or duration are substantially altered (typically, alteration sufficient to result in vegetation change)

(examples: draining, flooding, soil compaction, filling, excessive sedimentation, underground utility lines).

Water Storage/Surface Relief — assessment area/wetland type condition metric (skip for all marshes)

Check a box in each column. Select the appropriate storage for the assessment area (AA) and the wetland type (WT).
AA WT
3a. (JA A Majority of wetland with depressions able to pond water > 1 deep
XB XB Majority of wetland with depressions able to pond water 6 inches to 1 foot deep
dJc [Odc Maijority of wetland with depressions able to pond water 3 to 6 inches deep
Oo [Ob Depressions able to pond water < 3 inches deep

3b. [JA Evidence that maximum depth of inundation is greater than 2 feet
[IB Evidence that maximum depth of inundation is between 1 and 2 feet
[XIC Evidence that maximum depth of inundation is less than 1 foot



Soil Texture/Structure — assessment area condition metric (skip for all marshes)

Check a box from each of the three soil property groups below. Dig soil profile in the dominant assessment area landscape feature.
Make soil observations within the top 12 inches. Use most recent National Technical Committee for Hydric Soils guidance for regional
indicators.
4a. A Sandy soil

B Loamy or clayey soils exhibiting redoximorphic features (concentrations, depletions, or rhizospheres)

Xc Loamy or clayey soils not exhibiting redoximorphic features

D Loamy or clayey gleyed soil

e Histosol or histic epipedon

4b. XA Soil ribbon < 1 inch
B Soil ribbon = 1 inch

4c. XA No peat or muck presence
B A peat or muck presence
Discharge into Wetland — opportunity metric

Check a box in each column. Consider surface pollutants or discharges (Surf) and sub-surface pollutants or discharges (Sub). Examples
of sub-surface discharges include presence of nearby septic tank, underground storage tank (UST), etc.

Surf Sub

XA XA Little or no evidence of pollutants or discharges entering the assessment area

B B Noticeable evidence of pollutants or discharges entering the wetland and stressing, but not overwhelming the
treatment capacity of the assessment area

c c Noticeable evidence of pollutants or discharges (pathogen, particulate, or soluble) entering the assessment area and

potentially overwhelming the treatment capacity of the wetland (water discoloration, dead vegetation, excessive
sedimentation, odor)

Land Use — opportunity metric (skip for non-riparian wetlands)

Check all that apply (at least one box in each column). Evaluation involves a GIS effort with field adjustment. Consider sources draining

to assessment area within entire upstream watershed (WS), within 5 miles and within the watershed draining to the assessment area (5M),

and within 2 miles and within the watershed draining to the assessment area (2M).

WS 5M 2M

OA OA OA > 10% impervious surfaces

B B B Confined animal operations (or other local, concentrated source of pollutants

c c c 2 20% coverage of pasture

XD I[») D 2 20% coverage of agricultural land (regularly plowed land)

]S ]S ]S = 20% coverage of maintained grass/herb

XF XIF XIF = 20% coverage of clear-cut land

G G G Little or no opportunity to improve water quality. Lack of opportunity may result from little or no disturbance in
the watershed or hydrologic alterations that prevent drainage and/or overbank flow from affecting the
assessment area.

Wetland Acting as Vegetated Buffer — assessment area/wetland complex condition metric (skip for non-riparian wetlands)

7a. Is assessment area within 50 feet of a tributary or other open water?
XlYes [No If Yes, continue to 7b. If No, skip to Metric 8.
Wetland buffer need only be present on one side of the water body. Make buffer judgment based on the average width of wetland.
Record a note if a portion of the buffer has been removed or disturbed.
7b.  How much of the first 50 feet from the bank is wetland? (Wetland buffer need only be present on one side of the .water body. Make
buffer judgment based on the average width of wetland. Record a note if a portion of the buffer has been removed or disturbed.)
XA > 50 feet
B From 30 to < 50 feet
c From 15 to < 30 feet
D From 5 to < 15 feet
e < 5 feet or buffer bypassed by ditches
7c. Tributary width. If the tributary is anastomosed, combine widths of channels/braids for a total width.
X< 15-feet wide []> 15-feetwide  [] Other open water (no tributary present)
7d. Do roots of assessment area vegetation extend into the bank of the tributary/open water?
XYes [No
7e. s stream or other open water sheltered or exposed?
XISheltered — adjacent open water with width < 2500 feet and no regular boat traffic.
[JExposed — adjacent open water with width = 2500 feet or regular boat traffic.

Wetland Width at the Assessment Area — wetland type/wetland complex condition metric (evaluate WT for all marshes and
Estuarine Woody Wetland only; evaluate WC for Bottomland Hardwood Forest, Headwater Forest, and Riverine Swamp Forest
only)

Check a box in each column for riverine wetlands only. Select the average width for the wetland type at the assessment area (WT) and
the wetland complex at the assessment area (WC). See User Manual for WT and WC boundaries.

OA OA 2 100 feet

XB XB From 80 to < 100 feet
Oc c From 50 to < 80 feet
[[») [[») From 40 to < 50 feet
e e From 30 to < 40 feet
arF arF From 15 to < 30 feet
G G From 5 to < 15 feet
H H < 5 feet



10.

1.

12.

13.

14.

15.

16.

Inundation Duration — assessment area condition metric (skip for non-riparian wetlands)
Answer for assessment area dominant landform.

A Evidence of short-duration inundation (< 7 consecutive days)
B8 Evidence of saturation, without evidence of inundation
Xc Evidence of long-duration inundation or very long-duration inundation (7 to 30 consecutive days or more)

Indicators of Deposition — assessment area condition metric (skip for non-riparian wetlands and all marshes)
Consider recent deposition only (no plant growth since deposition).

XA Sediment deposition is not excessive, but at approximately natural levels.
B Sediment deposition is excessive, but not overwhelming the wetland.
c Sediment deposition is excessive and is overwhelming the wetland.

Wetland Size — wetland type/wetland complex condition metric

Check a box in each column. Involves a GIS effort with field adjustment. This metric evaluates three aspects of the wetland area: the
size of the wetland type (WT), the size of the wetland complex (WC), and the size of the forested wetland (FW) (if applicable, see User
Manual). See the User Manual for boundaries of these evaluation areas. If assessment area is clear-cut, select “K” for the FW column.
WT WC FW (if applicable)

A A A = 500 acres

B8 B8 B8 From 100 to < 500 acres

c c c From 50 to < 100 acres

[Op [Op o) From 25 to < 50 acres

e e e From 10 to < 25 acres

OF OF OF From 5 to < 10 acres

G G G From 1 to < 5 acres

[H [H [H From 0.5 to < 1 acre

i i i From 0.1 to < 0.5 acre

J J J From 0.01 to < 0.1 acre

XK XK XK < 0.01 acre or assessment area is clear-cut

Wetland Intactness — wetland type condition metric (evaluate for Pocosins only)
OA Pocosin is the full extent (= 90%) of its natural landscape size.

] Pocosin type is < 90% of the full extent of its natural landscape size.

Connectivity to Other Natural Areas — landscape condition metric

13a. Check appropriate box(es) (a box may be checked in each column). Involves a GIS effort with field adjustment. This metric
evaluates whether the wetland is well connected (Well) and/or loosely connected (Loosely) to the landscape patch, the contiguous
naturally vegetated area and open water (if appropriate). Boundaries are formed by four-lane roads, regularly maintained utility line
corridors the width of a four-lane road or wider, urban landscapes, maintained fields (pasture and agriculture), or open water > 300

feet wide.

Well Loosely

A A > 500 acres

B B From 100 to < 500 acres

c c From 50 to < 100 acres

XID b From 10 to < 50 acres

e e <10 acres

OF F Wetland type has a poor or no connection to other natural habitats

13b. Evaluate for marshes only.
Yes [(ONo  Wetland type has a surface hydrology connection to open waters/stream or tidal wetlands.

Edge Effect — wetland type condition metric (skip for all marshes and Estuarine Woody Wetland)

May involve a GIS effort with field adjustment. Estimate distance from wetland type boundary to artificial edges. Atrtificial edges include
non-forested areas = 40 feet wide such as fields, development, roads, regularly maintained utility line corridors, and clear-cuts. Consider
the eight main points of the compass. Artificial edge occurs within 150 feet in how many directions? If the assessment area is clear cut,
select option "C.”

A 0

XB 1to4

c 5t08

Vegetative Composition — assessment area condition metric (skip for all marshes and Pine Flat)

A Vegetation is close to reference condition in species present and their proportions. Lower strata composed of appropriate
species, with exotic plants absent or sparse within the assessment area.

B Vegetation is different from reference condition in species diversity or proportions, but still largely composed of native species

characteristic of the wetland type. This may include communities of weedy native species that develop after clearcutting or clearing.
It also includes communities with exotics present, but not dominant, over a large portion of the expected strata.

Xc Vegetation severely altered from reference in composition, or expected species are unnaturally absent (planted stands of non-
characteristic species or at least one stratum inappropriately composed of a single species), or exotic species are dominant in at
least one stratum.

Vegetative Diversity — assessment area condition metric (evaluate for Non-tidal Freshwater Marsh only)

A Vegetation diversity is high and is composed primarily of native species (< 10% cover of exotics).
] Vegetation diversity is low or has > 10% to 50% cover of exotics.
c Vegetation is dominated by exotic species (> 50 % cover of exotics).



17. Vegetative Structure — assessment area/wetland type condition metric

17a. Is vegetation present?
XYes [No If Yes, continue to 17b. If No, skip to Metric 18.

17b. Evaluate percent coverage of assessment area vegetation for all marshes only. Skip to 17¢ for non-marsh wetlands.
A = 25% coverage of vegetation
] < 25% coverage of vegetation

17c. Check a box in each column for each stratum. Evaluate this portion of the metric for non-marsh wetlands. Consider
structure in airspace above the assessment area (AA) and the wetland type (WT) separately.

AA WT
§I:|A A Canopy closed, or nearly closed, with natural gaps associated with natural processes
5 B B Canopy present, but opened more than natural gaps
O XcC Xic Canopy sparse or absent
>
S[A A Dense mid-story/sapling layer
? OB B Moderate density mid-story/sapling layer
© . .
s XC Xc Mid-story/sapling layer sparse or absent
s XA XA Dense shrub layer
c[B B Moderate density shrub layer
“Oc c Shrub layer sparse or absent
oA A Dense herb layer
£ XB XB Moderate density herb layer
c c Herb layer sparse or absent
18. Snags — wetland type condition metric (skip for all marshes)
A Large snags (more than one) are visible (> 12 inches DBH, or large relative to species present and landscape stability).
XiB Not A
19. Diameter Class Distribution — wetland type condition metric (skip for all marshes)
A Majority of canopy trees have stems > 6 inches in diameter at breast height (DBH); many large trees (> 12 inches DBH) are
present.
B Maijority of canopy trees have stems between 6 and 12 inches DBH, few are > 12 inch DBH.
Xc Majority of canopy trees are < 6 inches DBH or no trees.
20. Large Woody Debris — wetland type condition metric (skip for all marshes)
Include both natural debris and man-placed natural debris.
XA Large logs (more than one) are visible (> 12 inches in diameter, or large relative to species present and landscape stability).
] Not A
21. Vegetation/Open Water Dispersion — wetland type/open water condition metric (evaluate for Non-Tidal Freshwater Marsh only)
Select the figure that best describes the amount of interspersion between vegetation and open water in the growing season. Patterned
areas indicate vegetated areas, while solid white areas indicate open water.
Clc b
P~ QY
22. Hydrologic Connectivity — assessment area condition metric (evaluate for riparian wetlands and Salt/Brackish Marsh only)
Examples of activities that may severely alter hydrologic connectivity include intensive ditching, fill, sedimentation, channelization, diversion,
man-made berms, beaver dams, and stream incision. Documentation required if evaluated as B, C, or D.
XA Overbank and overland flow are not severely altered in the assessment area.
B Overbank flow is severely altered in the assessment area.
verland flow is severely altered in the assessment area.
c Overland flow i ly altered in th t
oth overbank and overland flow are severely altered in the assessment area.
b Both bank and land fl ly altered in th t
Notes

Site is in clearcut pine plantation. Cut ~5 years ago and repopulating with sweetgum and pine saplings. Standing water in skidder tracks.




NC WAM Wetland Rating Sheet
Accompanies User Manual Version 5.0

Wetland Site Name WAM 1

Wetland Type Bottomland Hardwood Forest

Assessor Name/Organization

Date of Assessment 4/29/21

Jernigan/Axiom

Notes on Field Assessment Form (Y/N) YES
Presence of regulatory considerations (Y/N) NO
Wetland is intensively managed (Y/N) YES
Assessment area is located within 50 feet of a natural tributary or other open water (Y/N) YES
Assessment area is substantially altered by beaver (Y/N) NO
Assessment area experiences overbank flooding during normal rainfall conditions (Y/N) NO
Assessment area is on a coastal island (Y/N) NO
Sub-function Rating Summary
Function Sub-function Metrics Rating
Hydrology Surface Storage and Retention Condition HIGH
Sub-surface Storage and
Retention Condition MEDIUM
Water Quality Pathogen Change Condition HIGH
Condition/Opportunity HIGH
Opportunity Presence (Y/N) NO
Particulate Change Condition HIGH
Condition/Opportunity HIGH
Opportunity Presence (Y/N) YES
Soluble Change Condition MEDIUM
Condition/Opportunity MEDIUM
Opportunity Presence (Y/N) NO
Physical Change Condition HIGH
Condition/Opportunity HIGH
Opportunity Presence (Y/N) YES
Pollution Change Condition NA
Condition/Opportunity NA
Opportunity Presence (Y/N) NA
Habitat Physical Structure Condition LOW
Landscape Patch Structure Condition LOW
Vegetation Composition Condition LOW
Function Rating Summary
Function Metrics Rating
Hydrology Condition HIGH
Water Quality Condition HIGH
Condition/Opportunity HIGH
Opportunity Presence (Y/N) YES
Habitat Condition LOW

Overall Wetland Rating HIGH




NC WAM FIELD ASSESSMENT RESULTS
Accompanies User Manual Version 5.0

USACE AID # NCDWR#
Project Name _Cool Run Date of Evaluation  4/29/21
Applicant/Owner Name _ Clearwater Mitigation Solutions Wetland Site Name WAM 2
Wetland Type Bottomland Hardwood Forest Assessor Name/Organization _ Jernigan/Axiom
Level Il Ecoregion _Middle Atlantic Coastal Plain Nearest Named Water Body Cool Run
River Basin Lumber USGS 8-Digit Catalogue Unit 03040207
County _ Brunswick NCDWR Region _ Wilmington
[ Yes [XI No Precipitation within 48 hrs? Latitude/Longitude (deci-degrees) 33.969436, -78.471638

Evidence of stressors affecting the assessment area (may not be within the assessment area)
Please circle and/or make note on the last page if evidence of stressors is apparent. Consider departure from reference, if appropriate, in
recent past (for instance, within 10 years). Noteworthy stressors include, but are not limited to the following.

. Hydrological modifications (examples: ditches, dams, beaver dams, dikes, berms, ponds, etc.)

»  Surface and sub-surface discharges into the wetland (examples: discharges containing obvious pollutants, presence of nearby septic

tanks, underground storage tanks (USTs), hog lagoons, etc.)
»  Signs of vegetation stress (examples: vegetation mortality, insect damage, disease, storm damage, salt intrusion, etc.)
. Habitat/plant community alteration (examples: mowing, clear-cutting, exotics, etc.)

Is the assessment area intensively managed? [X] Yes [] No

Regulatory Considerations - Were regulatory considerations evaluated? [JYes XINo If Yes, check all that apply to the assessment area.
| Anadromous fish

O Federally protected species or State endangered or threatened species

O NCDWR riparian buffer rule in effect

| Abuts a Primary Nursery Area (PNA)

| Publicly owned property

| N.C. Division of Coastal Management Area of Environmental Concern (AEC) (including buffer)

O Abuts a stream with a NCDWQ classification of SA or supplemental classifications of HQW, ORW, or Trout
| Designated NCNHP reference community

| Abuts a 303(d)-listed stream or a tributary to a 303(d)-listed stream

W

hat type of natural stream is associated with the wetland, if any? (check all that apply)
X Blackwater
O Brownwater
O Tidal (if tidal, check one of the following boxes) [ Lunar [ Wind [] Both

Is the assessment area on a coastal island? [] Yes [X No

Is the assessment area’s surface water storage capacity or duration substantially altered by beaver? [] Yes [X No
Does the assessment area experience overbank flooding during normal rainfall conditions? [1Yes [X No

Ground Surface Condition/Vegetation Condition — assessment area condition metric

Check a box in each column. Consider alteration to the ground surface (GS) in the assessment area and vegetation structure (VS) in the
assessment area. Compare to reference wetland if applicable (see User Manual). If a reference is not applicable, then rate the assessment
area based on evidence an effect.

GS VS
A A Not severely altered
XB XB Severely altered over a majority of the assessment area (ground surface alteration examples: vehicle tracks, excessive

sedimentation, fire-plow lanes, skidder tracks, bedding, fill, soil compaction, obvious pollutants) (vegetation structure
alteration examples: mechanical disturbance, herbicides, salt intrusion [where appropriate], exotic species, grazing, less
diversity [if appropriate], hydrologic alteration)

Surface and Sub-Surface Storage Capacity and Duration — assessment area condition metric

Check a box in each column. Consider surface storage capacity and duration (Surf) and sub-surface storage capacity and duration (Sub).
Consider both increase and decrease in hydrology. A ditch < 1 foot deep is considered to affect surface water only, while a ditch > 1 foot
deep is expected to affect both surface and sub-surface water. Consider tidal flooding regime, if applicable.

Surf Sub

A A Water storage capacity and duration are not altered.
B B Water storage capacity or duration are altered, but not substantially (typically, not sufficient to change vegetation).
Xc Xc Water storage capacity or duration are substantially altered (typically, alteration sufficient to result in vegetation change)

(examples: draining, flooding, soil compaction, filling, excessive sedimentation, underground utility lines).

Water Storage/Surface Relief — assessment area/wetland type condition metric (skip for all marshes)

Check a box in each column. Select the appropriate storage for the assessment area (AA) and the wetland type (WT).
AA WT
3a. (JA A Majority of wetland with depressions able to pond water > 1 deep
XB XB Majority of wetland with depressions able to pond water 6 inches to 1 foot deep
dJc [Odc Maijority of wetland with depressions able to pond water 3 to 6 inches deep
Oo [Ob Depressions able to pond water < 3 inches deep

3b. [JA Evidence that maximum depth of inundation is greater than 2 feet
[IB Evidence that maximum depth of inundation is between 1 and 2 feet
[XIC Evidence that maximum depth of inundation is less than 1 foot



Soil Texture/Structure — assessment area condition metric (skip for all marshes)

Check a box from each of the three soil property groups below. Dig soil profile in the dominant assessment area landscape feature.
Make soil observations within the top 12 inches. Use most recent National Technical Committee for Hydric Soils guidance for regional
indicators.
4a. A Sandy soil

B Loamy or clayey soils exhibiting redoximorphic features (concentrations, depletions, or rhizospheres)

Xc Loamy or clayey soils not exhibiting redoximorphic features

D Loamy or clayey gleyed soil

e Histosol or histic epipedon

4b. XA Soil ribbon < 1 inch
B Soil ribbon = 1 inch

4c. JA No peat or muck presence
XB A peat or muck presence
Discharge into Wetland — opportunity metric

Check a box in each column. Consider surface pollutants or discharges (Surf) and sub-surface pollutants or discharges (Sub). Examples
of sub-surface discharges include presence of nearby septic tank, underground storage tank (UST), etc.

Surf Sub

XA XA Little or no evidence of pollutants or discharges entering the assessment area

B B Noticeable evidence of pollutants or discharges entering the wetland and stressing, but not overwhelming the
treatment capacity of the assessment area

c c Noticeable evidence of pollutants or discharges (pathogen, particulate, or soluble) entering the assessment area and

potentially overwhelming the treatment capacity of the wetland (water discoloration, dead vegetation, excessive
sedimentation, odor)

Land Use — opportunity metric (skip for non-riparian wetlands)

Check all that apply (at least one box in each column). Evaluation involves a GIS effort with field adjustment. Consider sources draining

to assessment area within entire upstream watershed (WS), within 5 miles and within the watershed draining to the assessment area (5M),

and within 2 miles and within the watershed draining to the assessment area (2M).

WS 5M 2M

OA OA OA > 10% impervious surfaces

B B B Confined animal operations (or other local, concentrated source of pollutants

c c c 2 20% coverage of pasture

XD I[») D 2 20% coverage of agricultural land (regularly plowed land)

]S ]S ]S = 20% coverage of maintained grass/herb

XF XIF XIF = 20% coverage of clear-cut land

G G G Little or no opportunity to improve water quality. Lack of opportunity may result from little or no disturbance in
the watershed or hydrologic alterations that prevent drainage and/or overbank flow from affecting the
assessment area.

Wetland Acting as Vegetated Buffer — assessment area/wetland complex condition metric (skip for non-riparian wetlands)

7a. Is assessment area within 50 feet of a tributary or other open water?
XlYes [No If Yes, continue to 7b. If No, skip to Metric 8.
Wetland buffer need only be present on one side of the water body. Make buffer judgment based on the average width of wetland.
Record a note if a portion of the buffer has been removed or disturbed.
7b.  How much of the first 50 feet from the bank is wetland? (Wetland buffer need only be present on one side of the .water body. Make
buffer judgment based on the average width of wetland. Record a note if a portion of the buffer has been removed or disturbed.)
XA > 50 feet
B From 30 to < 50 feet
c From 15 to < 30 feet
D From 5 to < 15 feet
e < 5 feet or buffer bypassed by ditches
7c. Tributary width. If the tributary is anastomosed, combine widths of channels/braids for a total width.
X< 15-feet wide []> 15-feetwide  [] Other open water (no tributary present)
7d. Do roots of assessment area vegetation extend into the bank of the tributary/open water?
XYes [No
7e. s stream or other open water sheltered or exposed?
XISheltered — adjacent open water with width < 2500 feet and no regular boat traffic.
[JExposed — adjacent open water with width = 2500 feet or regular boat traffic.

Wetland Width at the Assessment Area — wetland type/wetland complex condition metric (evaluate WT for all marshes and
Estuarine Woody Wetland only; evaluate WC for Bottomland Hardwood Forest, Headwater Forest, and Riverine Swamp Forest
only)

Check a box in each column for riverine wetlands only. Select the average width for the wetland type at the assessment area (WT) and
the wetland complex at the assessment area (WC). See User Manual for WT and WC boundaries.

XA XA 2 100 feet

B B From 80 to < 100 feet
Oc c From 50 to < 80 feet
[[») [[») From 40 to < 50 feet
e e From 30 to < 40 feet
arF arF From 15 to < 30 feet
G G From 5 to < 15 feet
H H < 5 feet



10.

1.

12.

13.

14.

15.

16.

Inundation Duration — assessment area condition metric (skip for non-riparian wetlands)
Answer for assessment area dominant landform.

A Evidence of short-duration inundation (< 7 consecutive days)
XiB Evidence of saturation, without evidence of inundation
c Evidence of long-duration inundation or very long-duration inundation (7 to 30 consecutive days or more)

Indicators of Deposition — assessment area condition metric (skip for non-riparian wetlands and all marshes)
Consider recent deposition only (no plant growth since deposition).

XA Sediment deposition is not excessive, but at approximately natural levels.
B Sediment deposition is excessive, but not overwhelming the wetland.
c Sediment deposition is excessive and is overwhelming the wetland.

Wetland Size — wetland type/wetland complex condition metric

Check a box in each column. Involves a GIS effort with field adjustment. This metric evaluates three aspects of the wetland area: the
size of the wetland type (WT), the size of the wetland complex (WC), and the size of the forested wetland (FW) (if applicable, see User
Manual). See the User Manual for boundaries of these evaluation areas. If assessment area is clear-cut, select “K” for the FW column.
WT WC FW (if applicable)

A A A = 500 acres

B8 B8 B8 From 100 to < 500 acres

c c c From 50 to < 100 acres

[Op [Op o) From 25 to < 50 acres

e e e From 10 to < 25 acres

OF OF OF From 5 to < 10 acres

G G G From 1 to < 5 acres

[H [H [H From 0.5 to < 1 acre

i i i From 0.1 to < 0.5 acre

J J J From 0.01 to < 0.1 acre

XK XK XK < 0.01 acre or assessment area is clear-cut

Wetland Intactness — wetland type condition metric (evaluate for Pocosins only)
OA Pocosin is the full extent (= 90%) of its natural landscape size.

] Pocosin type is < 90% of the full extent of its natural landscape size.

Connectivity to Other Natural Areas — landscape condition metric

13a. Check appropriate box(es) (a box may be checked in each column). Involves a GIS effort with field adjustment. This metric
evaluates whether the wetland is well connected (Well) and/or loosely connected (Loosely) to the landscape patch, the contiguous
naturally vegetated area and open water (if appropriate). Boundaries are formed by four-lane roads, regularly maintained utility line
corridors the width of a four-lane road or wider, urban landscapes, maintained fields (pasture and agriculture), or open water > 300

feet wide.

Well Loosely

A A > 500 acres

B B From 100 to < 500 acres

c c From 50 to < 100 acres

XID b From 10 to < 50 acres

e e <10 acres

OF F Wetland type has a poor or no connection to other natural habitats

13b. Evaluate for marshes only.
Yes [(ONo  Wetland type has a surface hydrology connection to open waters/stream or tidal wetlands.

Edge Effect — wetland type condition metric (skip for all marshes and Estuarine Woody Wetland)

May involve a GIS effort with field adjustment. Estimate distance from wetland type boundary to artificial edges. Atrtificial edges include
non-forested areas = 40 feet wide such as fields, development, roads, regularly maintained utility line corridors, and clear-cuts. Consider
the eight main points of the compass. Artificial edge occurs within 150 feet in how many directions? If the assessment area is clear cut,
select option "C.”

A 0

XB 1to4

c 5t08

Vegetative Composition — assessment area condition metric (skip for all marshes and Pine Flat)

A Vegetation is close to reference condition in species present and their proportions. Lower strata composed of appropriate
species, with exotic plants absent or sparse within the assessment area.

B Vegetation is different from reference condition in species diversity or proportions, but still largely composed of native species

characteristic of the wetland type. This may include communities of weedy native species that develop after clearcutting or clearing.
It also includes communities with exotics present, but not dominant, over a large portion of the expected strata.

Xc Vegetation severely altered from reference in composition, or expected species are unnaturally absent (planted stands of non-
characteristic species or at least one stratum inappropriately composed of a single species), or exotic species are dominant in at
least one stratum.

Vegetative Diversity — assessment area condition metric (evaluate for Non-tidal Freshwater Marsh only)

A Vegetation diversity is high and is composed primarily of native species (< 10% cover of exotics).
] Vegetation diversity is low or has > 10% to 50% cover of exotics.
c Vegetation is dominated by exotic species (> 50 % cover of exotics).



17. Vegetative Structure — assessment area/wetland type condition metric

17a. Is vegetation present?
XYes [No If Yes, continue to 17b. If No, skip to Metric 18.

17b. Evaluate percent coverage of assessment area vegetation for all marshes only. Skip to 17¢ for non-marsh wetlands.
A = 25% coverage of vegetation
] < 25% coverage of vegetation

17c. Check a box in each column for each stratum. Evaluate this portion of the metric for non-marsh wetlands. Consider
structure in airspace above the assessment area (AA) and the wetland type (WT) separately.

AA WT
§I:|A A Canopy closed, or nearly closed, with natural gaps associated with natural processes
5 B B Canopy present, but opened more than natural gaps
O XcC Xic Canopy sparse or absent
>
S[A A Dense mid-story/sapling layer
2 B B Moderate density mid-story/sapling layer
= [XC Xc Mid-story/sapling layer sparse or absent
=
s XA XA Dense shrub layer
c[B B Moderate density shrub layer
“Oc c Shrub layer sparse or absent
o XA XA Dense herb layer
L[]8 B Moderate density herb layer
c c Herb layer sparse or absent
18. Snags — wetland type condition metric (skip for all marshes)
A Large snags (more than one) are visible (> 12 inches DBH, or large relative to species present and landscape stability).
XiB Not A
19. Diameter Class Distribution — wetland type condition metric (skip for all marshes)
A Majority of canopy trees have stems > 6 inches in diameter at breast height (DBH); many large trees (> 12 inches DBH) are
present.
B Maijority of canopy trees have stems between 6 and 12 inches DBH, few are > 12 inch DBH.
Xc Majority of canopy trees are < 6 inches DBH or no trees.

20. Large Woody Debris — wetland type condition metric (skip for all marshes)

Include both natural debris and man-placed natural debris.
A Large logs (more than one) are visible (> 12 inches in diameter, or large relative to species present and landscape stability).
XiB Not A

21. Vegetation/Open Water Dispersion — wetland type/open water condition metric (evaluate for Non-Tidal Freshwater Marsh only)

Select the figure that best describes the amount of interspersion between vegetation and open water in the growing season. Patterned
areas indicate vegetated areas, while solid white areas indicate open water.
Clc b

e/ .

22. Hydrologic Connectivity — assessment area condition metric (evaluate for riparian wetlands and Salt/Brackish Marsh only)

Examples of activities that may severely alter hydrologic connectivity include intensive ditching, fill, sedimentation, channelization, diversion,
man-made berms, beaver dams, and stream incision. Documentation required if evaluated as B, C, or D.

A Overbank and overland flow are not severely altered in the assessment area.

B Overbank flow is severely altered in the assessment area.

c Overland flow is severely altered in the assessment area.

XD Both overbank and overland flow are severely altered in the assessment area.
Notes

Site is not a jurisdictional wetland. Hydric soils were found, but hydrology has been removed by ditching the nearby stream. It is a clear cut pine
plantation that was cut ~5 years ago and is repopulating with early successional saplings.




NC WAM Wetland Rating Sheet
Accompanies User Manual Version 5.0

Wetland Site Name WAM 2

Wetland Type

Bottomland Hardwood Forest

Assessor Name/Organization

Date of Assessment 4/29/21

Jernigan/Axiom

Notes on Field Assessment Form (Y/N) YES
Presence of regulatory considerations (Y/N) NO
Wetland is intensively managed (Y/N) YES
Assessment area is located within 50 feet of a natural tributary or other open water (Y/N) YES
Assessment area is substantially altered by beaver (Y/N) NO
Assessment area experiences overbank flooding during normal rainfall conditions (Y/N) NO
Assessment area is on a coastal island (Y/N) NO
Sub-function Rating Summary
Function Sub-function Metrics Rating
Hydrology Surface Storage and Retention Condition LOW
Sub-surface Storage and
Retention Condition MEDIUM
Water Quality Pathogen Change Condition LOW
Condition/Opportunity LOW
Opportunity Presence (Y/N) NO
Particulate Change Condition LOW
Condition/Opportunity LOW
Opportunity Presence (Y/N) NO
Soluble Change Condition LOW
Condition/Opportunity LOW
Opportunity Presence (Y/N) NO
Physical Change Condition LOW
Condition/Opportunity LOW
Opportunity Presence (Y/N) NO
Pollution Change Condition NA
Condition/Opportunity NA
Opportunity Presence (Y/N) NA
Habitat Physical Structure Condition LOW
Landscape Patch Structure Condition LOW
Vegetation Composition Condition LOW
Function Rating Summary
Function Metrics Rating
Hydrology Condition LOW
Water Quality Condition LOW
Condition/Opportunity LOW
Opportunity Presence (Y/N) NO
Habitat Condition LOW

Overall Wetland Rating LOW




NC WAM FIELD ASSESSMENT RESULTS
Accompanies User Manual Version 5.0

USACE AID # NCDWR#
Project Name _Cool Run Date of Evaluation  4/29/21
Applicant/Owner Name _ Clearwater Mitigation Solutions Wetland Site Name WAM 3
Wetland Type Bottomland Hardwood Forest Assessor Name/Organization _ Jernigan/Axiom
Level Il Ecoregion _Middle Atlantic Coastal Plain Nearest Named Water Body Cool Run
River Basin Lumber USGS 8-Digit Catalogue Unit 03040207
County _ Brunswick NCDWR Region _ Wilmington
[] Yes [X] No Precipitation within 48 hrs? Latitude/Longitude (deci-degrees) 33.971623, -78.471913

Evidence of stressors affecting the assessment area (may not be within the assessment area)
Please circle and/or make note on the last page if evidence of stressors is apparent. Consider departure from reference, if appropriate, in
recent past (for instance, within 10 years). Noteworthy stressors include, but are not limited to the following.

. Hydrological modifications (examples: ditches, dams, beaver dams, dikes, berms, ponds, etc.)

»  Surface and sub-surface discharges into the wetland (examples: discharges containing obvious pollutants, presence of nearby septic

tanks, underground storage tanks (USTs), hog lagoons, etc.)
»  Signs of vegetation stress (examples: vegetation mortality, insect damage, disease, storm damage, salt intrusion, etc.)
. Habitat/plant community alteration (examples: mowing, clear-cutting, exotics, etc.)

Is the assessment area intensively managed? [X] Yes [] No

Regulatory Considerations - Were regulatory considerations evaluated? [JYes XINo If Yes, check all that apply to the assessment area.
| Anadromous fish

O Federally protected species or State endangered or threatened species

O NCDWR riparian buffer rule in effect

| Abuts a Primary Nursery Area (PNA)

| Publicly owned property

| N.C. Division of Coastal Management Area of Environmental Concern (AEC) (including buffer)

O Abuts a stream with a NCDWQ classification of SA or supplemental classifications of HQW, ORW, or Trout
| Designated NCNHP reference community

| Abuts a 303(d)-listed stream or a tributary to a 303(d)-listed stream

W

hat type of natural stream is associated with the wetland, if any? (check all that apply)
X Blackwater
O Brownwater
O Tidal (if tidal, check one of the following boxes) [ Lunar [ Wind [] Both

Is the assessment area on a coastal island? [] Yes [X No

Is the assessment area’s surface water storage capacity or duration substantially altered by beaver? [] Yes [X No
Does the assessment area experience overbank flooding during normal rainfall conditions? [1Yes [X No

Ground Surface Condition/Vegetation Condition — assessment area condition metric

Check a box in each column. Consider alteration to the ground surface (GS) in the assessment area and vegetation structure (VS) in the
assessment area. Compare to reference wetland if applicable (see User Manual). If a reference is not applicable, then rate the assessment
area based on evidence an effect.

GS VS
A A Not severely altered
XB XB Severely altered over a majority of the assessment area (ground surface alteration examples: vehicle tracks, excessive

sedimentation, fire-plow lanes, skidder tracks, bedding, fill, soil compaction, obvious pollutants) (vegetation structure
alteration examples: mechanical disturbance, herbicides, salt intrusion [where appropriate], exotic species, grazing, less
diversity [if appropriate], hydrologic alteration)

Surface and Sub-Surface Storage Capacity and Duration — assessment area condition metric

Check a box in each column. Consider surface storage capacity and duration (Surf) and sub-surface storage capacity and duration (Sub).
Consider both increase and decrease in hydrology. A ditch < 1 foot deep is considered to affect surface water only, while a ditch > 1 foot
deep is expected to affect both surface and sub-surface water. Consider tidal flooding regime, if applicable.

Surf Sub

A A Water storage capacity and duration are not altered.
B B Water storage capacity or duration are altered, but not substantially (typically, not sufficient to change vegetation).
Xc Xc Water storage capacity or duration are substantially altered (typically, alteration sufficient to result in vegetation change)

(examples: draining, flooding, soil compaction, filling, excessive sedimentation, underground utility lines).

Water Storage/Surface Relief — assessment area/wetland type condition metric (skip for all marshes)

Check a box in each column. Select the appropriate storage for the assessment area (AA) and the wetland type (WT).
AA WT
3a. (JA A Majority of wetland with depressions able to pond water > 1 deep
XB XB Majority of wetland with depressions able to pond water 6 inches to 1 foot deep
dJc [Odc Maijority of wetland with depressions able to pond water 3 to 6 inches deep
Oo [Ob Depressions able to pond water < 3 inches deep

3b. [JA Evidence that maximum depth of inundation is greater than 2 feet
[IB Evidence that maximum depth of inundation is between 1 and 2 feet
[XIC Evidence that maximum depth of inundation is less than 1 foot



Soil Texture/Structure — assessment area condition metric (skip for all marshes)

Check a box from each of the three soil property groups below. Dig soil profile in the dominant assessment area landscape feature.
Make soil observations within the top 12 inches. Use most recent National Technical Committee for Hydric Soils guidance for regional
indicators.
4a. A Sandy soil

B Loamy or clayey soils exhibiting redoximorphic features (concentrations, depletions, or rhizospheres)

Xc Loamy or clayey soils not exhibiting redoximorphic features

D Loamy or clayey gleyed soil

e Histosol or histic epipedon

4b. XA Soil ribbon < 1 inch
B Soil ribbon = 1 inch

4c. JA No peat or muck presence
XB A peat or muck presence
Discharge into Wetland — opportunity metric

Check a box in each column. Consider surface pollutants or discharges (Surf) and sub-surface pollutants or discharges (Sub). Examples
of sub-surface discharges include presence of nearby septic tank, underground storage tank (UST), etc.

Surf Sub

XA XA Little or no evidence of pollutants or discharges entering the assessment area

B B Noticeable evidence of pollutants or discharges entering the wetland and stressing, but not overwhelming the
treatment capacity of the assessment area

c c Noticeable evidence of pollutants or discharges (pathogen, particulate, or soluble) entering the assessment area and

potentially overwhelming the treatment capacity of the wetland (water discoloration, dead vegetation, excessive
sedimentation, odor)

Land Use — opportunity metric (skip for non-riparian wetlands)

Check all that apply (at least one box in each column). Evaluation involves a GIS effort with field adjustment. Consider sources draining

to assessment area within entire upstream watershed (WS), within 5 miles and within the watershed draining to the assessment area (5M),

and within 2 miles and within the watershed draining to the assessment area (2M).

WS 5M 2M

OA OA OA > 10% impervious surfaces

B B B Confined animal operations (or other local, concentrated source of pollutants

c c c 2 20% coverage of pasture

XD I[») D 2 20% coverage of agricultural land (regularly plowed land)

]S ]S ]S = 20% coverage of maintained grass/herb

XF XIF XIF = 20% coverage of clear-cut land

G G G Little or no opportunity to improve water quality. Lack of opportunity may result from little or no disturbance in
the watershed or hydrologic alterations that prevent drainage and/or overbank flow from affecting the
assessment area.

Wetland Acting as Vegetated Buffer — assessment area/wetland complex condition metric (skip for non-riparian wetlands)

7a. Is assessment area within 50 feet of a tributary or other open water?
XlYes [No If Yes, continue to 7b. If No, skip to Metric 8.
Wetland buffer need only be present on one side of the water body. Make buffer judgment based on the average width of wetland.
Record a note if a portion of the buffer has been removed or disturbed.
7b.  How much of the first 50 feet from the bank is wetland? (Wetland buffer need only be present on one side of the .water body. Make
buffer judgment based on the average width of wetland. Record a note if a portion of the buffer has been removed or disturbed.)
XA > 50 feet
B From 30 to < 50 feet
c From 15 to < 30 feet
D From 5 to < 15 feet
e < 5 feet or buffer bypassed by ditches
7c. Tributary width. If the tributary is anastomosed, combine widths of channels/braids for a total width.
X< 15-feet wide []> 15-feetwide  [] Other open water (no tributary present)
7d. Do roots of assessment area vegetation extend into the bank of the tributary/open water?
OYes [XNo
7e. s stream or other open water sheltered or exposed?
XISheltered — adjacent open water with width < 2500 feet and no regular boat traffic.
[JExposed — adjacent open water with width = 2500 feet or regular boat traffic.

Wetland Width at the Assessment Area — wetland type/wetland complex condition metric (evaluate WT for all marshes and
Estuarine Woody Wetland only; evaluate WC for Bottomland Hardwood Forest, Headwater Forest, and Riverine Swamp Forest
only)

Check a box in each column for riverine wetlands only. Select the average width for the wetland type at the assessment area (WT) and
the wetland complex at the assessment area (WC). See User Manual for WT and WC boundaries.

OA OA 2 100 feet

B B From 80 to < 100 feet
Oc c From 50 to < 80 feet
[[») [[») From 40 to < 50 feet
XE XE From 30 to < 40 feet
arF arF From 15 to < 30 feet
G G From 5 to < 15 feet
H H < 5 feet



10.

1.

12.

13.

14.

15.

16.

Inundation Duration — assessment area condition metric (skip for non-riparian wetlands)
Answer for assessment area dominant landform.

XA Evidence of short-duration inundation (< 7 consecutive days)
B8 Evidence of saturation, without evidence of inundation
c Evidence of long-duration inundation or very long-duration inundation (7 to 30 consecutive days or more)

Indicators of Deposition — assessment area condition metric (skip for non-riparian wetlands and all marshes)
Consider recent deposition only (no plant growth since deposition).

XA Sediment deposition is not excessive, but at approximately natural levels.
B Sediment deposition is excessive, but not overwhelming the wetland.
c Sediment deposition is excessive and is overwhelming the wetland.

Wetland Size — wetland type/wetland complex condition metric

Check a box in each column. Involves a GIS effort with field adjustment. This metric evaluates three aspects of the wetland area: the
size of the wetland type (WT), the size of the wetland complex (WC), and the size of the forested wetland (FW) (if applicable, see User
Manual). See the User Manual for boundaries of these evaluation areas. If assessment area is clear-cut, select “K” for the FW column.
WT WC FW (if applicable)

A A A = 500 acres

B8 B8 B8 From 100 to < 500 acres

c c c From 50 to < 100 acres

[Op [Op o) From 25 to < 50 acres

e e e From 10 to < 25 acres

OF OF OF From 5 to < 10 acres

G G G From 1 to < 5 acres

[H [H [H From 0.5 to < 1 acre

i i i From 0.1 to < 0.5 acre

J J J From 0.01 to < 0.1 acre

XK XK XK < 0.01 acre or assessment area is clear-cut

Wetland Intactness — wetland type condition metric (evaluate for Pocosins only)
OA Pocosin is the full extent (= 90%) of its natural landscape size.

] Pocosin type is < 90% of the full extent of its natural landscape size.

Connectivity to Other Natural Areas — landscape condition metric

13a. Check appropriate box(es) (a box may be checked in each column). Involves a GIS effort with field adjustment. This metric
evaluates whether the wetland is well connected (Well) and/or loosely connected (Loosely) to the landscape patch, the contiguous
naturally vegetated area and open water (if appropriate). Boundaries are formed by four-lane roads, regularly maintained utility line
corridors the width of a four-lane road or wider, urban landscapes, maintained fields (pasture and agriculture), or open water > 300

feet wide.

Well Loosely

A A > 500 acres

B B From 100 to < 500 acres

c c From 50 to < 100 acres

XID b From 10 to < 50 acres

e e <10 acres

OF F Wetland type has a poor or no connection to other natural habitats

13b. Evaluate for marshes only.
Yes [(ONo  Wetland type has a surface hydrology connection to open waters/stream or tidal wetlands.

Edge Effect — wetland type condition metric (skip for all marshes and Estuarine Woody Wetland)

May involve a GIS effort with field adjustment. Estimate distance from wetland type boundary to artificial edges. Atrtificial edges include
non-forested areas = 40 feet wide such as fields, development, roads, regularly maintained utility line corridors, and clear-cuts. Consider
the eight main points of the compass. Artificial edge occurs within 150 feet in how many directions? If the assessment area is clear cut,
select option "C.”

A 0

XB 1to4

c 5t08

Vegetative Composition — assessment area condition metric (skip for all marshes and Pine Flat)

A Vegetation is close to reference condition in species present and their proportions. Lower strata composed of appropriate
species, with exotic plants absent or sparse within the assessment area.

B Vegetation is different from reference condition in species diversity or proportions, but still largely composed of native species

characteristic of the wetland type. This may include communities of weedy native species that develop after clearcutting or clearing.
It also includes communities with exotics present, but not dominant, over a large portion of the expected strata.

Xc Vegetation severely altered from reference in composition, or expected species are unnaturally absent (planted stands of non-
characteristic species or at least one stratum inappropriately composed of a single species), or exotic species are dominant in at
least one stratum.

Vegetative Diversity — assessment area condition metric (evaluate for Non-tidal Freshwater Marsh only)

A Vegetation diversity is high and is composed primarily of native species (< 10% cover of exotics).
] Vegetation diversity is low or has > 10% to 50% cover of exotics.
c Vegetation is dominated by exotic species (> 50 % cover of exotics).



17. Vegetative Structure — assessment area/wetland type condition metric

17a. Is vegetation present?
XYes [No If Yes, continue to 17b. If No, skip to Metric 18.

17b. Evaluate percent coverage of assessment area vegetation for all marshes only. Skip to 17¢ for non-marsh wetlands.
A = 25% coverage of vegetation
] < 25% coverage of vegetation

17c. Check a box in each column for each stratum. Evaluate this portion of the metric for non-marsh wetlands. Consider
structure in airspace above the assessment area (AA) and the wetland type (WT) separately.

AA WT
§I:|A A Canopy closed, or nearly closed, with natural gaps associated with natural processes
5 B B Canopy present, but opened more than natural gaps
O XcC Xic Canopy sparse or absent
>
S[A A Dense mid-story/sapling layer
? OB B Moderate density mid-story/sapling layer
© . .
s XC Xc Mid-story/sapling layer sparse or absent
s XA XA Dense shrub layer
c[B B Moderate density shrub layer
“Oc c Shrub layer sparse or absent
o XA XA Dense herb layer
L[]8 B Moderate density herb layer
c c Herb layer sparse or absent
18. Snags — wetland type condition metric (skip for all marshes)
A Large snags (more than one) are visible (> 12 inches DBH, or large relative to species present and landscape stability).
XiB Not A
19. Diameter Class Distribution — wetland type condition metric (skip for all marshes)
A Majority of canopy trees have stems > 6 inches in diameter at breast height (DBH); many large trees (> 12 inches DBH) are
present.
B Maijority of canopy trees have stems between 6 and 12 inches DBH, few are > 12 inch DBH.
Xc Majority of canopy trees are < 6 inches DBH or no trees.
20. Large Woody Debris — wetland type condition metric (skip for all marshes)
Include both natural debris and man-placed natural debris.
A Large logs (more than one) are visible (> 12 inches in diameter, or large relative to species present and landscape stability).
XiB Not A
21. Vegetation/Open Water Dispersion — wetland type/open water condition metric (evaluate for Non-Tidal Freshwater Marsh only)
Select the figure that best describes the amount of interspersion between vegetation and open water in the growing season. Patterned
areas indicate vegetated areas, while solid white areas indicate open water.
Clc b
P~ QY
22. Hydrologic Connectivity — assessment area condition metric (evaluate for riparian wetlands and Salt/Brackish Marsh only)
Examples of activities that may severely alter hydrologic connectivity include intensive ditching, fill, sedimentation, channelization, diversion,
man-made berms, beaver dams, and stream incision. Documentation required if evaluated as B, C, or D.
A Overbank and overland flow are not severely altered in the assessment area.
XB Overbank flow is severely altered in the assessment area.
verland flow is severely altered in the assessment area.
c Overland flow i ly altered in th t
oth overbank and overland flow are severely altered in the assessment area.
b Both bank and land fl ly altered in th t
Notes

Site is in a clear cut pine plantation. It was cut ~5 years ago and is repopulating with early successional saplings. A nearby ditched stream is
negatively affecting hydrology.




NC WAM Wetland Rating Sheet
Accompanies User Manual Version 5.0

Wetland Site Name WAM 3

Wetland Type

Bottomland Hardwood Forest

Assessor Name/Organization

Date of Assessment 4/29/21

Jernigan/Axiom

Notes on Field Assessment Form (Y/N) YES
Presence of regulatory considerations (Y/N) NO
Wetland is intensively managed (Y/N) YES
Assessment area is located within 50 feet of a natural tributary or other open water (Y/N) YES
Assessment area is substantially altered by beaver (Y/N) NO
Assessment area experiences overbank flooding during normal rainfall conditions (Y/N) NO
Assessment area is on a coastal island (Y/N) NO
Sub-function Rating Summary
Function Sub-function Metrics Rating
Hydrology Surface Storage and Retention Condition LOW
Sub-surface Storage and
Retention Condition MEDIUM
Water Quality Pathogen Change Condition LOW
Condition/Opportunity LOW
Opportunity Presence (Y/N) NO
Particulate Change Condition MEDIUM
Condition/Opportunity MEDIUM
Opportunity Presence (Y/N) NO
Soluble Change Condition MEDIUM
Condition/Opportunity MEDIUM
Opportunity Presence (Y/N) NO
Physical Change Condition MEDIUM
Condition/Opportunity MEDIUM
Opportunity Presence (Y/N) NO
Pollution Change Condition NA
Condition/Opportunity NA
Opportunity Presence (Y/N) NA
Habitat Physical Structure Condition LOW
Landscape Patch Structure Condition LOW
Vegetation Composition Condition LOW
Function Rating Summary
Function Metrics Rating
Hydrology Condition LOW
Water Quality Condition MEDIUM
Condition/Opportunity MEDIUM
Opportunity Presence (Y/N) NO
Habitat Condition LOW

Overall Wetland Rating LOW




NC DWQ Stream Identification Form Version 4.11

Date: 4 30 (4 Project/Site: \C,«;‘A\{ UT-|
Evaluator: jem:ﬁm Acisen County:  [3,nnsuick
Total Points: Stream Determination (circle one
gtz’efg’"o’rs aef ’{:::,;’I’:.;e:ggte"t 135 Ephemeral therfmitten(bPerennia)l
A. Geomor holo Subtotal = |3 Absent Weak
1% Continuity of channel bed and bank 0 1
2, Sinuosity of channel along thalweg 0
3. Ip-channel structure: ex. riffle-pool, step-pool, 0
ri le- ool se uence

4. Particle size of stream substrate 0 1
5. Active/relict floodplain 0 1
6. Depositional bars or benches 0 1
7. Recent alluvial deposits 0 1
8. Headcuts 1
9. Grade control 0 0.5
10. Natural valley 0 0.5
11. Second or greater order channel No=0

artificial ditches are not rated; see discussions in manual
B. H drolo Subtotal =
12. Presence of Baseflow 0 1
13. Iron oxidizing bacteria 1
14. Leaf litter 5 1
15. Sediment on plants or debris 0 0
16. Organic debris lines or piles 0 5
17. Soil-based evidence of high water table? No=0
C. Biolo Subtotal =
18. Fibrous roots in streambed 2
19. Rooted upland plants in streambed 2
20. Macrobenthos (note diversity and abundance) 0 1
21. Aquatic Mollusks 0 1
22, Fish 0 0.5
23. Crayfish 0.5
24, Amphibians {0 0.5
25, Algae 0 0.5

26. Wetland plants in streambed
*perennial streams may also be identified using other methods. See p. 35 of manual.
Notes: 0 83 rolle ket

Sketch:

foon 2

Latitude:

Other

v}

73 12160¢
Longitude: -3¢ 47395
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Yes 3
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Site Cool Run Mitigation Site
Stream Cool Run Bank Length 4032
Observers WGL Date 30-Sep-19
Station Bank BEHI NBS Erosion Rate | Length Bank Height Erosion
1 159 right Low Low 0 159 4.5 0.0
2 262 right High Mod 0.15 103 4.5 69.5
3 617 right Low Low 0 355 3.5 0.0
4 691 right Low Low 0 74 4 0.0
5 935 right Low Low 0 244 3.5 0.0
6 977 right High Mod 0.15 42 3.5 22.1
7 1205 right Mod Low 0.02 228 3.5 16.0
8 1503 right Low Low 0 298 4 0.0
9 2123 right Low Low 0 620 4.5 0.0
10
11 399 left Low Low 0 399 4.5 0.0
12 437 left High Mod 0.15 38 4 22.8
13 886 left Low Low 0 449 35 0.0
14 | 1188 left Low Low 0 302 4 0.0
15 1289 left Mod Mod 0.05 101 4 20.2
16 | 1909 left Low Low 0 620 4.5 0.0
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
Sum erosion sub-totals for each BEHI/NBS Total Erosion (ft3/yr) 150.5
Divide total erosion (ft3) by 27 Total Erosion (yd/yr) 5.6
Multiply Total erosion (yard3) by 1.3 Total Erosion (tons/yr) 7.2
Erosion per unit length Total Erosion (Tons/yr/ft) 0.002




Site Cool Run Mitigation Site
Stream ut1 Bank Length 3210
Observers WGL Date 30-Sep-19
Station Bank BEHI NBS Erosion Rate | Length Bank Height Erosion
1 175 right Low Low 0 175 3 0.0
2 405 right Mod Mod 0.05 230 5 57.5
3 470 right High Mod 0.15 65 5 48.8
4 545 right Mod Mod 0.05 75 5 18.8
5 580 right High Mod 0.15 35 5 26.3
6 955 right Mod Mod 0.05 375 5 93.8
7 1605 right Low Low 0 650 5 0.0
8
9 175 left Low Low 0 175 3 0.0
10 405 left Mod Mod 0.05 230 5 57.5
11 470 left High Mod 0.15 65 5 48.8
12 545 left Mod Mod 0.05 75 5 18.8
13 580 left High Mod 0.15 35 5 26.3
14 955 left Mod Mod 0.05 375 5 93.8
15 | 1605 left Low Low 0 650 5 0.0
16
17
18
19
20
Sum erosion sub-totals for each BEHI/NBS Total Erosion (ft3/yr) 490.0
Divide total erosion (ft3) by 27 Total Erosion (yd/yr) 18.1
Multiply Total erosion (yard3) by 1.3 Total Erosion (tons/yr) 23.6
Erosion per unit length Total Erosion (Tons/yr/ft) 0.007




BEHI/NBS Summary

Erosion Rate

Stream Reach (tons/year)
Cool Run 7.2
uT1l 23.6

Total 30.8




Land Use Nutrient Model
Stream Length
Site Buffer Width

Site Area (Acres)
Site Area (ft sq)

Land Use Characteristics

Pasture

Row Crop (Acers)
3.1

Woods

Urban

Land Use % Rainfall
Pasture Annual
Woods 88
25.57 Row Crop 12
1113829.2 Urban
must total 100 100
Number N inputs P inputs Total Total
of Animals Ibs/au/yr Ibs/au/yr N (Ibs) P (Ibs)
Beef 113 40 0 0
Dairy 164 26 0 0
Pig 153 58 0 0
Horse 102 40 0 0
fert/ac 60 45 0 0
0 0 |Tota| Pasture N and P
% N inputs P inputs Total Total
Row Crop Area Ibs/ac/yr Ibs/ac/yr N P
Corn 20 20 0 0
Cotton 50 20 20 31 31
Soybeans 50 0 15 0 23
Hay Fescue 50 45 0 0
Hay Bermuda 70 45 0 0
must total 100 100 31 54 |Tota| Row Crop N and P
Minimal Nutrients
Concentration Concentration Total Total
% Area Runoff N (mg/1) P (mg/l) N (lbs) P (Ibs)
Residential 0 2.2 0.4 0 0
Commercial/Industrial 0 2.3 0.3 0 0
Roadway 0 3.0 0.5 0 0
0.0 0.0 |Tota| Urban N and P
Notes: Residential Assumes 25 % Impervious Surface

Commercial/Industrial Assumes 75% Impervious Surface

Roadway Assumes 100% Impervious Surface

Annual Load (lbs) = 0.226*Annual Runoff (inches)*Concentration (mg/l)*Acres

Total Nutrients Removed within Easement

Total N Removed (lIbs/yr)
Total P Removed (lbs/yr)

31
54




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-1

Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents

OWT: 42" |SHWT: <6" Slope: 2-3% Landscape: |drainageway (filled/ditched)
Elevation: ~45 MSL Drainage: Very poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): F13
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
Fill 0-10 10YR 3/3 SL gr fr, ns, np Colluvium from past farming
Ab 10-28 10YR 2/1 SL gr fr, ss, np High O.M. not Mucky
Cgl 28-44 10YR 4/1 10YR 3/6 SCL/LS MA fr, ss, sp 25% Distinct Concentrations
Thin ColS strata
Cg2 44-54+ 2.5Y5/2 2.5Y5/6 ColS/SL MA vfr, ns, np 10% distinct concentrations
2.5Y6/1 15% distinct depleations
Thin SL strata
Comments: Described By: Nick Howell - LSS #1294

adjacent to agricultural ditch, fill from past farming
activities. Interbedded strata in deeper sediment
indicative of higher order stream sediment.




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lynchburg Data Point: SB-2

Soil Classification: Fine-loamy, siliceous, semiactive, thermic Aeric Paleaquults

OWT: >36" |SHWT: 21" Slope: 2-3% Landscape: |stream terrace
Elevation: ~45 MSL Drainage: Somewhat poorly Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): None
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
Fill 0-5 10YR 4/3 LS gr vfr, ns, np Colluvium from past farming
A 5-12 10YR 5/2 10YR 6/1 LS gr vfr, ns, np 20% distinct depleations
Bw 12-16 10YR 4/4 LS gr vfr, ns, np
E 16-21 10YR 6/4 LS gr vfr, ns, np
Bt 21-36 10YR 6/4 10YR 5/8 SL/SCL sbk fr, ss, np 20% prominent concentration
10YR 6/2 20% distinct depleations
Comments: Described By: Nick Howell - LSS #1294

edge of field above drainage ditch and stream
floodplain/valley




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-1

Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents

OWT: 45" |SHWT: <6" Slope: 2-3% Landscape: |drainageway (filled/ditched)
Elevation: ~43 MSL Drainage: Very poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): S7
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
Fill 0-9 10YR 3/3 SL gr fr, ns, np Colluvium from past farming
Ab 9-18 10YR 2/1 LS gr fr, ss, np High O.M. not Mucky
Cgl 18-28 10YR 4/2 10YR 5/6 LS/SL MA fr, ss, sp 20% prominent concentration
2.5Y6/2 10% distinct depleations
Thin SL strata
Cg2 28-54+ 2.5Y 4/2 2.5Y5/2 LS/SCL MA vfr, ns, np 15% Faint depleations
2.5Y3/1 10% distinct om concentration
Thin SCL Strata
Comments: Described By: Nick Howell - LSS #1294

adjacent to agricultural ditch, fill from past farming

activities. Interbedded strata in deeper sediment
indicative of higher order stream sediment.




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lynchburg Data Point: SB-4

Soil Classification: Fine-loamy, siliceous, semiactive, thermic Aeric Paleaquults

OWT: >36" |SHWT: 20" Slope: 2-3% Landscape: |stream terrace
Elevation: ~45 MSL Drainage: Somewhat poorly Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): None
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
A 0-11 10YR 3/3 LS gr vfr, ns, np
E 11-20 10YR 6/4 LS gr vfr, ns, np
Bt 20-36 10YR 5/6 10YR 6/4 SCL/LS sbk fr, ss, np 20% distinct depleations
10YR 5/8 5% faint concentrations
10YR 6/2 15% prominent depleations
LS strata on ped faces
Comments: Described By: Nick Howell - LSS #1294

edge of field above topo break into old stream
floodplain




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lu : Lumbee Data Point: SB-5
Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults
OWT: 34" |SHWT: <12" Slope: 2-3% Landscape: |toe slope
Elevation: ~48 MSL Drainage: poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): F3
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
A 0-6 2.5Y3/1 SL gr vfr, ns, np
Btgl 2.5Y5/2 10YR 5/6 SCL sbk fr, ss, sp 25% prominent concentration
7.5YR5/8 5% prominent concentrations
Btg2 2.5Y6/2 5Y 6/2 SCL/LS sbk fr, ss, sp 10% distinct depleations
2.5Y5/6 |Thin LS strata 25% distinct concentrations
10YR 5/6 10% prominent concentration
Comments: Described By: Nick Howell - LSS #1294

plain soils

Footslope above floodplain, quick transition into flood




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-6
Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents
OWT: 40" |SHWT: <6" Slope: 1-2% Landscape: |[flood plain
Elevation: ~43 MSL Drainage: Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): A7,F13,F3
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
A 0-8 10YR 3/1 MulL gr fr, ss, np
Cgl 8-23 10YR 4/2 10YR 3/6 SL MA fr, ns, np 20% distinct concentrations
Cg2 23-42+ 2.5Y5/2 2.5Y5/6 LS/SCL MA fr, ns, np 20% distinct concentrations
2.5Y6/1 10% distinct depleations
Interbedded layers LS/SCL

Comments: Described By: Nick Howell - LSS #1294

Stressed drainage due to proximity to drainage dtich.




Project Site: Cool Run Stream Site Date: 8/7/2019

County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Muckalee Data Point: SB-7

Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents

OWT: 17" |SHWT: <6" Slope: 0-1% Landscape: |[flood plain
Elevation: ~43 MSL Drainage: Very poorly drained Permeability: |Moderate to slow
Vegetation: |Dog fennel, loblolly pine, muscidine, bushy bluesteam, blackberry, beauty berry, panic grass

Hydric Soil Indicator(s):

A2, A9, F13, A12

Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
Oa 0-10 10YR 3/1 Muck MA fr, ss, np
Cg 10-13 2.5Y5/2 SL sbk fr, ns, np
Oab 13-17 10YR 3/2 Muck MA fr, ss, np
Ab 17-28 10YR 3/1 MuSL sbk fr, ss, np
C'g 28-42+ 2.5Y 4/2 SCL Co sbk fr, ms, sp
Comments: Described By: Nick Howell - LSS #1294

present

upper floodplain topography, stressed FAC vegetation




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-8
Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents
OWT: 18" |SHWT: <6" Slope: 0-1% Landscape: |[flood plain
Elevation: ~42 MSL Drainage: Very poorly drained Permeability: |Moderate to slow
Vegetation: |Dog fennel, loblolly pine, muscidine, bushy bluesteam, blackberry, beauty berry, panic grass
Hydric Soil Indicator(s): A2, A9, F13, A12
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
Oa 0-12 10YR 3/1 Muck MA Fr, ss, np
A 12-33 10YR 4/2 MuSL SBK fr, ss, np
Cg 33-42+ 2.5Y 4/2 10YR 5/6 SCL VCoSBK fr, ms, sp 10% prominent concentration
Comments: Described By: Nick Howell - LSS #1294

present

upper floodplain topography, stressed FAC vegetation




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-9
Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents
OWT: 8" |SHWT: <6" Slope: 0-1% Landscape: |[flood plain
Elevation: ~42 MSL Drainage: Very poorly drained Permeability: |Moderate
Vegetation: |gallberry, muscidine, loblolly pine, sweetgum, beauty berry, dog fennel, black berry, panic grass
Hydric Soil Indicator(s): A2, A9, F13, A12
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes

Oa 0-13 10YR 3/1 Muck MA fr, ss, np

A 13-28 2.5Y4/1 MuSL SBK fr, ss, np

Cg 28-42+ 2.5Y5/2 2.5Y6/1 SCL/LS MA fr, ss, np 15% faint depleations

2.5Y4/1 |Interbedded SCL/LS sediment 15% distinct om concentration

Comments: Described By: Nick Howell - LSS #1294

present

upper floodplain topography, stressed FAC vegetation




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lu: Lumbee Data Point: SB-Al

Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults

OWT: 36" |SHWT: <15" Slope: 2-3% Landscape: concave, linear
Elevation: ~45 MSL Drainage: |poorly drained Permeability: |Moderate
Vegetation: |Dog fennel, loblolly pine, muscidine, bushy bluesteam, blackberry, beauty berry, panic grass
Hydric Soil Indicator(s): |S7, A7
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-5 10YR 3/1 LS gr vfr, ns, np High O.M. not Mucky, 75% coated
AE 5-8 10YR 4/2 S gr vfr, ns, np High O.M. not Mucky
Bw 8-15 10YR 3/2 LS sbk vfr, ns, np
Ebg 15-30 10YR 6/2 | 10YR5/6 sl sbk vfr, ns, np
Btg 30-48+ | 10YR6/2| 10YR5/6 SCL sbk fr, ss, sp 20% distinct concentrations
Comments: Described By: Nick Howell - LSS #1294

w0, Ra soil




Project Site: Cool Run Stream Site Date: 8/7/2019

County: Brunswick Job#: LMG19.196

Location: Grissittown State: NC

Soil Series: Lu: Lumbee Data Point: SB-A2

Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults

OWT: 24" |SHWT: <6" Slope: 0-1% Landscape: depression, concave
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Dog fennel, loblolly pine, muscidine, bushy bluesteam, blackberry, beauty berry, panic grass

Hydric Soil Indicator(s): |A7, F13, F3

Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-9 10YR 2/1 Mu SCL sbk fr, ss, np
EB 9-16 2.5Y5/2 | 10YR5/8 SCL sbk fr, ss, sp 20% concentrations
Btg/E 16-23 2.5Y6/2 | 10YR5/8 SCL/SL sbk fr, ss, sp 15% concentrations
10YR 5/4 20% depletions
Btg2/E 23-36+ 2.5Y6/2 | 10YR 3/2 SCL/LS sbk fr, ss, sp 5% concentrations
2.5Y6/1 25% depletions
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Muckalee Data Point: SB-A3

Soil Classification: Coarse-loamy, siliceous, super:

active, nonacid, thermic Typic Fluvaquents

OWT: 30" |SHWT: <6" Slope: 0-1% Landscape: depression, concave
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |A12, F13
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
Oa 0-7 10YR 3/1 Mu gr vfr, ss, np dry
A 7-12 10YR 3/6 Mu LS gr vfr, ss, np tanic staining

Btg 12-24 10YR 5/2 SL sbk fr, ns, np

Btg2 24-36 10YR5/2 | 10YR 3/6 SCL sbk fr, ss, sp 15% concentrations
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-A4

Soil Classification: Coarse-loamy, siliceous, super:

active, nonacid, thermic Typic Fluvaquents

OWT: ~12" |SHWT: <6" Slope: 0-1% Landscape: old stream channel, concave
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |A12, F13
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes

Al 0-6 10YR 3/1 Mu SL gr fr, ss, np

A2 6-15 10YR 3/1 Mu SL gr fr, ss, np

Btg 15-24 10YR 4/2 | 10YR5/3 SCL sbk fr, ss, np LS pockets strata
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Muckalee Data Point: SB-A5

Soil Classification: Coarse-loamy, siliceous, super:

active, nonacid, thermic Typic Fluvaquents

OWT: 12" |SHWT: <6" Slope: 0-1% Landscape: drained floodplain
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |A11, F13
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
Oa 0-7 N 2/0 Mu gr fr, ss, np
AB 7-15 10YR 3/3 Mu SL gr fr, ss, np tanic staining
Btgl 15-28 10YR 4/2 SL sbk fr, ns, np
Btg2/Cg 28-36 2.5Y5/2 | 10YR6/1 SCL/LS sbk fr, ss, np 25% depletions
Cg 36-42+ | 10YR6/1 LS lo fr, ns, np
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Lu: Lumbee Data Point: SB-A6

Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents

OWT: >42" |SHWT: 6" Slope: 0-1% Landscape: linear
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel

Hydric Soil Indicator(s):

Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-6 10YR 3/1| 10YR 3/6 SL gr fr, ns, np 15% concentrations
Btgl 6-21 2.5Y5/2 | 10YR5/8 SCL sbk fr, ss, sp 25% concentrations
Btg2 21-42 2.5Y6/2 | 10YR3/8 SCL sbk fr, ss, sp 15% concentrations
10YR 5/6 20% concentrations
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lu: Lumbee Data Point: SB-A7
Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults
OWT: > 30" |SHWT: 5" Slope: 1-2% Landscape: topographic low
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |F3
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-5 10YR 3/1 SL gr fr, ns, np
Btgl 5-16 10YR 6/2 | 10YR5/6 SCL sbk fr, ss, np 20% concentrations
10YR 5/8 15% concentrations
Btg2 16-30 10YR 3/3 | 10YR5/6 SCL sbk fr, ss, sp 25% concentrations
10YR 5/8 10% concentrations
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Lynchburg Data Point: SB-A8

Soil Classification: Fine-loamy, siliceous, semiactive, thermic Aeric Paleaquults

OWT: >24" |SHWT: 15" Slope: 1-2% Landscape: hillslope
Elevation: ~45 MSL Drainage: |somewhat poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel

Hydric Soil Indicator(s):

Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-4 10YR 3/1 SL gr fr, ns, np
EB 4-15 10YR 5/4 SL sbk fr, ns, np
Bt 15-24+ | 10YR5/4| 10YR6/2 SCL sbk fr, ss, np
10YR 5/8
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Muckalee Data Point: SB-A9

Soil Classification: Coarse-loamy, siliceous, super:

active, nonacid, thermic Typic Fluvaquents

OWT: >21" |SHWT: 8" Slope: 0-1% Landscape: low drain way
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |A13, F3
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-8 10YR 2/1 SCL gr fr, ss, sp

Btgl 8-21 2.5Y5/2 | 10YR5/6 SCL sbk fr, ss, sp 10% concentrations

Btg2 21-30+ 5Y6/1 | 10YR5/6 SCL sbk fr, ss, sp 25% concentrations
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Jobi: LMG19.196
Location: Grissittown State: NC
Soil Series: Onslow Data Point: SB-A10
Soil Classification: Fine-loamy, siliceous, semiactive, thermic Spodic Paleudults
OWT: > 30" |SHWT: >30" Slope: 2-3% Landscape: |onslow hilltop, convex, convex
Elevation: ~45 MSL Drainage: |somewhat poorly drained PermeabilityjModerate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s):
Horizon Depth (in)] Matrix Mottles Texture Structure] Consistence Notes

A 0-6 10YR 5/1 S gr vfr, ns, np

E 6-11 10YR 6/1 S gr vfr, ns, np

Bw 11-13 10YR 3/4 LS gr vfr, ns, np

E' 13-18 10YR5/3 | 2.5Y5/6 S gr vfr, ns, np 25% concentrations

2Bt 18-30 7.5YR5/4 | 10YR 6/3 CL sbk fi, ns, np 20% depletions
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Onslow Data Point: SB-A11
Soil Classification: Fine-loamy, siliceous, semiactive, thermic Spodic Paleudults
OWT: 28" |SHWT: <6" Slope: 0%(Landscape: concave floodplain
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s):
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes

A 0-6 10YR 3/1 S gr vfr, ns, np 90% coated

Eg 6-9 10YR 5/1 S gr vfr, ns, np

Bw 9-13 10YR 3/2 | 10YR 6/2 LS gr vfr, ns, np 20% depletions

E'g 13-19 10YR 6/2 | 10YR5/3 LS gr vfr, ns, np 25% depletions

B'tg 19-34+ 2.5Y5/2 | 10YR5/6 SCL sbk fr, ss, sp 20% concentrations

10YR 5/8 10% concentrations

Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lumbee Data Point: SB-A12
Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults
OWT: 12" |SHWT: <6" Slope: 0%(Landscape: concave drain
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: [Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |A7
Horizon Depth (in)| Matrix | Mottles Texture Structure| Consistence Notes

A 0-10 N 2/0 Mu SCL ma fr, ss, sp

EB 10-19 2.5Y 4/2 SL sbk fr, ss, np

Btg 19-26+ | 2.5Y5/2 SCL sbk fr, ss, sp
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Muckalee Data Point: SB-A13

Soil Classification: Coarse-loamy, siliceous, super:

active, nonacid, thermic Typic Fluvaquents

OWT: 28" |SHWT: <6" Slope: 0%(Landscape: floodplain, concave
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |F6, A7
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes

Oa 0-9 N 2/0 Mu gr fr, ss, np

A 9-20 10YR 2/1| 10YR 3/6 Mu L sbk fr, ss, np 10% concentrations

Cg 20-42+ 2.5Y4/2 | 10YR3/6 SCL sbk fr, ss, sp 5% concentrations

2.5Y6/2 20% depletions

Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lynchburg Data Point: SB-x1
Soil Classification: Fine-loamy, siliceous, semiactive, thermic Aeric Paleaquults
OWT: >34" |SHWT: 20" Slope: 0-1% Landscape: linear
Elevation: ~45 MSL Drainage: |poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s):
Horizon Depth (in)] Matrix Mottles Texture Structure| Consistence Notes
A 0-7 10YR 3/1 LS gr vfr, ns, np
E 7-13 10YR 3/4 LS gr vfr, ns, np
Btl 13-20 10YR 5/6 SCL sbk fr, ss, sp
Bt2 20-34+ | 10YR5/4| 10YR5/8 SCL sbk fr, ss, sp 25% concentrations
7.5YR5/8 25% concentrations
10YR 6/2 15% depletions
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State:
Soil Series: Lumbee Data Point:
Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults
OWT: >48" |SHWT: 11" Slope: 0-1% Landscape: linear
Elevation: ~>45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): |F6, F3
Horizon Depth (in)] Matrix Mottles Texture Structure| Consistence Notes
fill 0-11 mixed sandy & loamy fill
A 11-18 10YR 2/1| 10YR 3/6 SL sbk/gr fr, ns, np 15% concentrations
Bgl 18-37 10YR6/2| 10YR3/6 SL sbk fr, ns, np 15% concentrations
10YR 3/1 15% concentrations
Btg2 37-48+ | 10YR4/2| 10YR5/6 SCL sbk fr, ss, sp 25% concentrations
10YR 5/8 15% depletions
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Lumbee Data Point: SB-x3

Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults

OWT: 39" |SHWT: <6" Slope: 0-1% Landscape: linear, filled zero order stream
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): |A7, F13
Horizon Depth (in)] Matrix Mottles Texture Structure| Consistence Notes
fill 0-13 mixed sandy & loamy fill
Al 13-31 N 2/0 Mu SL gr fr, ss, np
A2 31-37 10YR 2/1| 10YR 3/6 SL gr fr, ss, np 35% weak concentrations
Btg 37-43 10YR 4/1 SCL sbk fr,ss, np
B/C 43-48+ | 10YR4/2| 10YR6/1 SL/LS sbk fr, ns, np 25% depletions
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Lumbee Data Point: SB-x4

Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults

OWT: >48" |SHWT: <6" Slope: 1-2% Landscape: filled zero order stream
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s): |Al11l
Horizon Depth (in)] Matrix Mottles Texture Structure| Consistence Notes
fill 0-11 mixed sandy & loamy fill
A 11-15 10YR 2/1 SL gr fr, ns, np
Btgl 15-29 10YR 4/2 | 10YR5/6 SCL sbk fr, ss, np 25% concentrations
Btg2 29-40 2.5Y6/1 | 10YR5/4 SCL/SL sbk fr,ss, np 20% concentrations
10YR 5/6 10% concentrations
B/C 40-48+ 2.5Y6/1| 2.5Y5/6 SL/LS sbk vfr, ns, np 20% concentrations
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Jobi: LMG19.196
Location: Grissittown State: NC
Soil Series: Lynchburg Data Point: SB-y1

Soil Classification: Fine-loamy, siliceous, semiactive, thermic Aeric Paleaquults

OWT: > 30" |SHWT: >30" Slope: 1-2% Landscape: footslope/toeslope
Elevation: ~45 MSL Drainage: |somewhat poorly drained Permeability: |Moderate
Vegetation: |Corn stalks, panic grass, edge of field
Hydric Soil Indicator(s):
Horizon Depth (in)] Matrix Mottles Texture Structure] Consistence Notes

A 0-7 10YR 3/3 LS gr vrf, ns, np

AE 7-12 10YR 4/4 LS gr vfr, ns, np

Bt 12-30+ | 7.5YR4/6| 10YR 5/6 CL sbk fi, ns, np 15% concentrations

10YR 6/4 10% concentrations

Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Lumbee Data Point: SB-y2
Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults
OWT: > 50" |SHWT: 26" Slope: 1-2% Landscape: toeslope
Elevation: ~45 MSL Drainage: |poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |S5
Horizon Depth (in)] Matrix | Mottles Texture | Structure] Consistence Notes
fill 0-20 sandy fill
A 20-26 10YR 3/1 LS gr vfr, ns, np uncoated, drained
ABg 26-30 10YR 3/3 | 10YR 3/6 LS gr vfr, ns, np 15% concentrations
Btgl 30-39 10YR5/2 | 10YR5/8 SCL sbk fr, ss, sp 25% concentrations
10YR 3/4 35% depletions
Btg2 39-50+ | 10YR6/2| 10YR5/8 SCL sbk fr, ss, sp 25% concentrations
10YR 6/4 35% depletions
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-y3
Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents
OWT: 36" |SHWT: <6" Slope: 0%|Landscape: floodplain
Elevation: |~45 MSL Drainage: Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): A7, F6
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
Oal 0-8 N 2/0 Mu gr fr, ss, np
0Oa2 8-23 10YR 2/1 Mu ma fr, ss, np
A 23-33 10YR 3/1 10YR 3/6 Mu L sbk fr, ss, sp 10% concentrations
Btg 33-42+ 2.5Y3/2 SCL sbk fr, ss, sp
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-y4
Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents
OWT: 30" |SHWT: <6" Slope: 0%(Landscape: floodplain
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |F6, A7
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
Oa 0-11 N 2/0 Mu gr fr, ss, np
A 11-26 10YR 2/1| 10YR 3/6 Mu L sbk fr, ss, np 10% concentrations
Btg 26-42+ 2.5Y4/2 | 10YR3/6 SCL sbk fr, ss, sp 5% concentrations
2.5Y6/2 20% depletions
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Onslow Data Point: SB-y5

Soil Classification: Fine-loamy, siliceous, semiactive, thermic Spodic Paleudults

OWT: >36" |SHWT: 11" Slope: 1-2% Landscape: side slope
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel

Hydric Soil Indicator(s):

Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-5 10YR 5/1 S gr vfr, ns, np
E 5-8 10YR 5/1 S gr vfr, ns, np
Bw 8-11 10YR 3/3 LS gr vfr, ns, np
E' 11-21 10YR5/3 | 10YR 3/4 LS gr vfr, ns, np 25% concentrations
10YR 5/1 10% depletions
Btg 21-36+ | 10YR 4/2 SL sbk vfr, ns, np
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Lumbee Data Point: SB-z1

Soil Classification: Fine-loamy over sandy or sandy-skeletal, siliceous, subactive, thermic Typic Endoaquults

OWT: >30" |SHWT: <6" Slope: 0-1% Landscape: footslope
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |F3
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-5 10YR 4/2 | 10YR 3/6 SL sbk fr, ss, np 10% concentrations
Btgl 5-13 10YR5/2 | 10YR5/6 CL sbk fi, ns, np 25% concentrations
Btg2 13-30 5Y6/2 | 10YR5/6 CL sbk fi, vs, vp 25% concentrations
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Jobi: LMG19.196
Location: Grissittown State:
Soil Series: Onslow Data Point: SB-z2
Soil Classification: Fine-loamy, siliceous, semiactive, thermic Spodic Paleudults
OWT: >34" |SHWT: >34" Slope: 1-2% Landscape: hillslope
Elevation: |~45 MSL Drainage: |somewhat poorly drained Permeability: Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s):
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
A 0-4 10YR 5/1 S gr vfr, ns, np
Bw 4-8 10YR 3/3 LS gr vfr, ns, np
E 8-19 10YR 6/3 10YR 3/6 S gr vfr, ns, np 15% concentrations
10YR 6/2 10% depletions
Bt 19-34+ 10YR 5/6 SCL sbk fr, ss, sp
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC

Soil Series: Onslow Data Point: SB-z3

Soil Classification: Fine-loamy, siliceous, semiactive, thermic Spodic Paleudults

OWT: >36" |SHWT: 22" Slope: 1-2% Landscape: hilltop
Elevation: ~45 MSL Drainage: |somewhat poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel

Hydric Soil Indicator(s):

Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes
A 0-7 10YR5/2 S gr vfr, ns, np
E 7-12 10YR 5/1 S gr vfr, ns, np
Bw 12-22 10YR 3/2 LS gr vfr, ns, np
Eg 22-27 10YR6/2| 2.5Y5/6 LS sbk fr, ns, np 20% concentrations
Btg 27-36+ 2.5Y5/2 | 10YR5/6 SCL sbk fr, ss, sp 30% concentrations
Comments: Described By: Nick Howell - LSS #1294




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-z4
Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents
OWT: >36" |SHWT: <6" Slope: 1-2% Landscape: footslope
Elevation: |~45 MSL Drainage: Very poorly drained Permeability: Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): S7
Horizon Depth (in) Matrix Mottles Texture Structure Consistence Notes
A 0-6 10YR 3/1 LS gr vfr, ns, np 90% coated grains
Eg 6-9 2.5Y4/2 LS gr vfr, ns, np
Bh 9-21 10YR 3/1 LS sbk vfr, ns, np
Bg 21-34 2.5Y4/2 LS sbk fr, ns, np
Btg 34-42+ 2.5Y5/2 2.5Y6/2 SCL/ LS sbk fr, ns, np 20% depletions
Comments: Described By: Nick Howell - LSS #1294

drained




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State: NC
Soil Series: Muckalee Data Point: SB-z5
Soil Classification: Coarse-loamy, siliceous, superactive, nonacid, thermic Typic Fluvaquents
OWT: 24" |SHWT: <6" Slope: 0%|Landscape: toe slope
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |F6, F13
Horizon Depth (in)] Matrix | Mottles Texture Structure Consistence Notes
A 0-15 2.5Y3/1 | 10YR3/6 Mu SL sbk fr, ss, np 25% concentrations
Cg 15-36 10YR5/2 | 10YR 3/1 LS ma fr, ns, np interbedded depletions
10YR 4/2 interbedded depletions
Comments: Described By: Nick Howell - LSS #1294

drained




Project Site: Cool Run Stream Site Date: 8/7/2019
County: Brunswick Job#: LMG19.196
Location: Grissittown State:

Soil Series: Mu: Muckalee Data Point:

Soil Classification: Coarse-loamy, siliceous, super:

active, nonacid, thermic Typic Fluvaquents

OWT: 18" |SHWT: <6" Slope: 0%(Landscape: floodplain
Elevation: ~45 MSL Drainage: |Very poorly drained Permeability: |Moderate
Vegetation: |Sweetgum, Loblolly Pine, Blackberry, Panic grass, Dogfennel
Hydric Soil Indicator(s): |f13
Horizon Depth (in)] Matrix | Mottles Texture Structure| Consistence Notes

Oa 0-8 N 2/0 Mu gr fr, ss, np

A 8-21 10YR 2/1 Mu LS sbk fr, ss, np

Cg 21-27+ 2.5Y3/1| 2.5Y6/2 LS ma vfr, ns, np Stratified Layers
Comments: Described By: Nick Howell - LSS #1294

drained




Appendix C

Flood Frequency Analysis Data

Mitigation Plan (Project No. 100142) Appendices
Cool Run Stream and Wetland Restoration Site Clearwater Mitigation Solutions
Brunswick County, North Carolina September 2022



McRae Land Reference Reach

Reference Reaches

Flood Frequency Analaysis-Regional Regression Equation (USGS 2004)

Return
Interval Discharge 1000
(years) (cfs) 900
0.1 7 800
0.3 11 £ Zgg
=
S 400
10 214 2 300
25 318 200
50 414 100
100 526 0
200 657
500 864

Cool Run Reference Reach

100

200 300

Return Interval (years)

400

500

Note: Bold values are interpolated.




Appendix D

Jurisdictional Determination Info

Mitigation Plan (Project No. 100142) Appendices
Cool Run Stream and Wetland Restoration Site Clearwater Mitigation Solutions
Brunswick County, North Carolina September 2022



U.S. ARMY CORPS OF ENGINEERS
WILMINGTON DISTRICT

Action 1d. County: U.S.G.S.Quad:
NOTIFICATION OF JURISDICTIONAL DETERMINATION

Requestor:

Kevin Yates

Address:

Telephone Number:
E-mail:

Size (acres) ~25.15 Nearest Town
Nearest Waterway River Basin
USGS HUC Coordinates Latitude:

Longitude:

Location description:

A. Preliminary Determination

& Thereappearto be waters,including wetlands on the above described project area/property, thatmay be subject to Section404

of the Clean Water Act (CWA)(33 USC § 1344)and/or Section 10 ofthe Rivers and Harbors Act (RHA)(33 USC §403).The
waters, including wetlands have been delineated, and the delineationhas been verified by the Corps to be sufficiently accurate
and reliable. Theapproximate boundaries of these waters are shown on theenclosed delineation map, entitled, “Section404/401

Delineation Preliminary Sketch, Cool RunMitigation Site,” dated . Therefore this preliminary jurisdiction

d

c

)

the site as if they are jurisdictional waters of the U.S. This prelim inary determin ab nu €
Regulatory Program Administrative Appeal Process (Refere ce33 CFR Part 33 yr an ed ID,

which is an appealable action, by contacting the Corps district for further instruction.

O Thereappearto be waters, including wetlands on the above described project area/property, thatmay be subject to Section404

ofthe Clean Water Act (CWA)(33 USC § 1344)and/or Section 10 ofthe Riversand Harbors Act (RHA)(33 USC § 403).

However, since thewa ¢ ndsh ro prelim urisdi ation
may notbe used in the e cess. ifi n, this inary is
merely an effective presumption of CWA/RHA jurisdiction overallof the waters, including wetlands atthe projectarea, which
is not ac an ble permit ion. We end that ters,
inclu ds de AstheCo aynotb accomp

delineation in a timely manner, you may wish to obtaina consultant toconducta delineation thatcan be verified by the Corps.

B. Approved Determination

There are Navigable Waters ofthe United States within theabove described project area/property subjectto the permit

Y33 Sectio er Act
publ ,thisd lied upon for
ion.

There are waters, including wetlandson the above described project area/property subject to the permit requirements of Section
404 of the Clean Water Act (CWA) (33 USC § 1344). Unless there isa change in the law orour published regulations, this
determination may be relied upon fora periodnotto exceed five years from the date ofthis notification.

COWe recommend youhavethe waters, including wetlands onyour projectarea/property delineated. Asthe Corpsmay notbe
able to accomplish this wetland delineation in a timely manner, you may wish to obtain a consultantto conduct a delineation that
can be verifiedby the Corps.

[JThe waters, including wetlands on your projectarea/property have been delineatedand the delineationhas been verified by

rps. The rs  shown nclosed del d We strongly
tyouha m  ion,thi should ber v Corps. Once
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verified, this survey willprovide an accuratedepiction ofall areas subjectto CWA jurisdiction on your property which, provided
there is no change in the law or our published regulations, may be relied upon fora period not to exceed five years.

L1The waters, including wetlands havebeen delineated and surveyed and are accurately depicted onthe platsigned by the
Corps Regulatory Officialidentified below on. Unless thereis a change in the law or our published regulations, this determination
may be relied upon fora period not to exceed five years from the date of this notification.

L] Thereare no waters of the U.S., to include wetlands, presenton the above described project area/property which are subjectto the
permit requirements of Section 404 of the Clean Water Act (33 USC lessthe ch inthelaw ublished
regulations, this determination may be relied upon fora perio inotto eyears he ofthisnot

L] Thepropertyis located in one of the 20 Coastal Counties subject to regulation under the Coastal Area Management Act (CAMA).
You should contactthe Division of CoastalManagementin Morehead City, NC, at(252) 808-2808 to determinetheir
requirements.

Placementof dredged or fillmaterial within waters of the US, including wetlands, without a Department ofthe Army pemit may
constitute a violation of Section301 of the Clean Water Act (33 USC § 1311). Placement of dredged or fill material, construction or
placementof structures, or work within navigable waters ofthe United States without a Department of the Army permit may
of the IS 03 ny questions
sregul p at or

C. Basis For Determination: Basis For Determination: See the preliminary jurisdictional determination
form dated 2/5/2020.

D. Remarks: None.

E. Attention USDA Program Participants

t C p
n e
S S

a certified wetland determination from thelocal office of the Natural Resources Conservation Service, priorto starting work.

F. Appeals Information (Thisinformation applies only to approved jurisdictional determinations as indicated in B.
above)

This correspondence constitutesanapproved jurisdictional determination for the above described site. If you objectto this
determination, you may requestan administrative appealunder Corps regulations at 33 CFR Part 331. Enclosed you willfind a

0 Yact d stforappeal (RFA) form. Ifyourequest toappeal this determination you
a othe g ss:
US Army Corps of Engineers

South Atlantic Division

Attn: Phillip Shannin, Review Officer
60 Forsyth StreetSW, Room 10M 15
Atlanta, Georgia 30303-8801

In order foran RFA to be accepted by the Corps, the Corps must determine that it is complete, thatit meets the criteria forappeal
under33 CFR part 331.5, and that it has been received by the Division Office within 60 days ofthe date ofthe NAP. Should you
decide to submit an RFA fomm, it must be received at the above address by .

**1It is not necessary to submit anRFA form to the Division Office if youdo notobject to the determination in this correspondence. **

Digitally signed by
JESSOP.JORDAN E.1515090548

L st e s

Corps Regulatory Official:

Date of JD: 2/5/2020 Expiration Date of JD:
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The Wilmington District is committed to providing the highest level of support to the public. To help us ensure we
continue to do so, please complete the Customer Satisfaction Survey located at
http://corpsmapu.usace.army.mil/cm_apex/f?p=136:4:0

Copy fumished:
Agent: Land Management Group
Wes Fryar
Address: 3805 Wrightsville Ave., Suite 15

Wilmington. NC 28403
Telephone Number: 910.452.0001

E-mail: wiryar@Imgroup.net
Property Owner:

Pearl Frink
Address: 1758 Frink St. SW

Ocean Isle Beach,NC 28469

Telephone Number: (843)241-8902
E-mail: terrvirink@atme.net




PRELIMINARY JURISDICTIONAL DETERMINATION (PJD) FORM

A. REPORT COMPLETION DATE FOR PJD: 2/5/2020

B. NAME AND ADDRESS OF PERSON REQUESTING PJD: Clearwater Mitigation Solutions, Kevin
Yates, 604 Macon Place, Raleigh, NC 27609

C. DISTRICT OFFICE, FILE NAME, AND NUMBER: Wilmington District, Cool Run Mitigation Site
SAW-2020-1799

D. PROJECT LOCATION(S) AND BACKGROUND INFORMATION: West of Starboard Rd NW,
Shallotte, NC 28470

(USE THE TABLE BELOW TO DOCUMENT MULTIPLE AQUATIC RESOURCES
AND/OR AQUATIC RESOURCES AT DIFFERENT SITES)

State: NC County: Brunswick City: Shallotte
Center coordinates of site (lat/long in degree decimalformat): Latitude: 33.970753 Longitude:-78.471379

b

Universal Transverse Mercator: NADS 3

Name of nearest waterbody: Shallotte River
E. REVIEW PERFORMED FOR SITE EVALUATION (CHECK ALL THAT APPLY):

X Office (Desk) Determination. Date: 02/05/2021
XField Determination. Date(s): 12/18/2020

TABLE OF AQUATIC RESOURCES INREVIEW AREA WHICH "MAY BE" SUBJECT TO
REGULATORY JURISDICTION

Site Number Latitude Estimated ‘T'ypeotaquatic  Geographic authority to
(decimal amount of resources (i.e., which the aquatic
degrees) aquatic wetland vs.non- resource “may be”

resources in wetland waters)  subject (i.e., Section 404

reviewarea or Section 10/404)

(acreageand

linear feet, if

applicable
WG 33.973031 -78.470253 ~0.485 ac wetland Section 404
WB 33.971811 -78.471224 ~0.088 ac wetland Section 404
WA 33.971751 -78.471853 ~0.196 ac wetland Section 404
wC 33.970985 -78.471160 ~0.575ac wetland Section 404
WD 33.970245 -78.471041 ~0474ac wetland Section 404
WE 33.969015 -78.471352 ~1.006 ac wetland Section 404
WF 33.968830 -78.470760 ~0.141ac wetland Section 404
NS1 33.970934 -78.473618 ~100L.F non-wetland Section 404
NS2 33.972044 -78.471823 ~776 L.F non-wetland Section 404
NS3 33.969672 -78.471285 ~1,137L.F non-wetland Section 404
NS4 33.968777 -78.471131 ~107L.F non-wetland Section 404
NS5 33.96845 -78.47153 ~180L.F non-wetland Section 404
S2 33.970870 -78.473072 ~335LF non-wetland Section 404

CoolRun 33.970784 -78.472464 ~1,935L.F non-wetland Section 404



1.

The Corps of Engineers believes that there may be jurisdictional aquatic resources in the
review area, and the requestor of this PJD is hereby advised of his or her optionto request
and obtain an approved JD (AJD) for that review area based on an informed decision after
having discussed the various types of JDs and their characteristics and circumstances when
they may be appropriate.

In any circumstance where a permit applicant obtains an individual permit, or a Nationwide
General Permit (NWP) or other general permit verification requiring "pre- construction
notification" (PCN), or requests verification for a non-reporting NWP or other general
permit, and the permit applicant has not requested an AJD for the activity, the permit
applicant is hereby made aware that: (1) the permit applicant has elected to seek a permit
authorization based on a PJD, which does not make an official determination of
jurisdictional aquatic resources; (2) the applicant has the option to request an AJD before
accepting the terms and conditions of the permitauthorization, and that basing a permit
authorization on an AJD could possibly result in less compensatory mitigation being
required or different special conditions; (3) the applicant has the right to requestan
individual permit rather than accepting the terms and conditions of the NWP or other
general permit authorization; (4) the applicant can accept a permit authorization and
thereby agree to comply with all the terms and conditions of that permit, including
whatever mitigation requirements the Corps has determined to be necessary; (5)
undertaking any activity in reliance upon the subjectpermit authorization without
requestingan AJD constitutes the applicant's acceptance of the use of the PID; (6)
accepting a permit authorization (e.g., signing a proffered individual permit) or undertaking
any activity in reliance on any form of Corps permit authorization based on a PJD
constitutes agreement that all aquatic resources in the review area affected in any way by
that activity will be treated as jurisdictional, and waives any challenge to such jurisdiction
in any administrative orjudicial compliance or enforcement action, or in any administrative
appeal or in any Federal court; and (7) whether the applicant elects to use either an AJD or
a PJD, the JD will be processed as soon as practicable. Further, an AJD, a proffered
individual permit (and all terms and conditions contained therein), or individual permit
denial can be administratively appealed pursuant to 33 C.F.R. Part 331. If, during an
administrative appeal, it becomes appropriate to make an official determination whether
geographic jurisdiction exists over aquatic resources in the review area, or to provide an
official delineation of jurisdictional aquatic resources in the review area, the Corps will
provide an AJD to accomplish that result, as soon as is practicable. This PJD finds that
there "may be” waters of the U.S. and/or that there "may be" navigable waters of the U.S.
on the subject review area, and identifies all aquatic features in the review area that could
be affected by the proposed activity, based on the following information:



SUPPORTING DATA. Data reviewed for PJD (check all that apply) Checked items are included in the administrative
record and are appropriately cited:

XIMaps, plans, plots or plat submitted by or on behalf ofthe PJD requestor:
Map:

XIData sheets prepared/submitted by or on behalf of the PID requestor. Datasheets:
XOffice concurs with data sheets/delineation report.
LlOffice does not concur with data sheets/delineation report. Rationale:
[IData sheets prepared by the Corp
UCorps navigable waters' study:
[JU.S. Geological Survey Hydrologic Atlas:
XIUSGS NHD data: USGS TNM — National
XIUSGS 8 and 12 digit HUC maps: 02 Shallotte River
XIU.S. Geological Survey map(s). Cite scale & quad name: 1:24k Shallotte

XINatural Resources Conservation Service Soil Survey. Citation:

m
XINationalwetlands inventory map(s). Cite name:

[State/localwetland inventory map(s

LIFEMA/FIRM maps:

[(J100-year Floodplain Elevation is: (National Geodetic Vertical Datum of 1929)

XPhotographs: Aerial (Name & Date):
or X Other (Name & Date):
OPrevious determination(s). File no. and date of response

XOther information (please specify): LiDAR

IMPORTANT NOTE: The information recorded on this form has not n

Digitally signed by
JESSOPJORDAN.E 1515090548
Date: 2021 02 05 13:20:33
-05'00'

Signature and date of Regulatory Signature and date o
staff member completing PJD (REQUIRED, unless 1S
2/5/2020 impracticable)’

! Districts may establish timeframes for requester to retum signed PJD forms. If the requester does not respond within the established
time frame, the district may presume concurrence and no additional follow up i necessary prior to finalizing an action.



This is not a survey. All boundaries and distances are considered
approximate. This represents a preliminary sketch prepared from field
notes. A survey of delineated areas is recommended prior to specific
site planning. This delineation was reviewed in the field by Jordan
Jessup of the USACE on 12/18/20

Legend
D Project Area ~25.15 Acres
Uplands ~21.82 Acres (87%)
B wetlands ~3.33 Acres (13%)
= Tributary (Stream) ~2,270 L.F.
== Triputary (Non-Stream) ~2,300 L.F.
Data Point
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Appendix E

Categorical Exclusion Document

Mitigation Plan (Project No. 100142) Appendices
Cool Run Stream and Wetland Restoration Site Clearwater Mitigation Solutions
Brunswick County, North Carolina September 2022



Appendix E

Categorical Exclusion Form for Division of Mitigation Services Projects
Version 2

Note: Only Appendix A should to be submitted (along with any supporting documentation) as the environmental
document.

Part 1: General Project Information
Project Name: Cool Run Mitigation Project
County Name: Brunswick
DMS Number: 100142
Project Sponsor: Clearwater Mitigation Solutions
Project Contact Name: Kevin Yates
Project Contact Address: 604 Macon Place; Raleigh, NC
Project Contact E-mail: clearwatermitigation@gmail.com
DMS Project Manager: Mr. Jeremiah Dow

Clearwater Mitigation Solutions, LLC plans to provide a full-delivery mitigation project known
as the Cool Run Mitigation Project for NC Division of Mitigation Services. The project site is
located in Brunswick County, approximately five miles west of the city limits of Shallotte, NC.
The project plans to restore a section of Cool Run by redirecting stream flow into the historic
abandoned channel. Additionally, an unnamed tributary will be restored by filling existing
ditched channels. Riparian wetlands will be restored by raising stream bed elevations and
removing spoil piles, planting areas lacking characteristic wetland tree and shrubs, and
connecting existing wetlands to the floodplain and stream.

For Official Use Only
Reviewed By:

Date DMS Project Manager

Conditional Approved By:

Date For Division Administrator
FHWA

[ ] check this box if there are outstanding issues

Final Approval By:

Date For Division Administrator
FHWA

(o2}



Part 2: All Projects
Regulation/Question

Coastal Zone Management Act (CZMA)

Response

1. Is the project located in a CAMA county?

|X| Yes
|:| No

2. Does the project involve ground-disturbing activities within a CAMA Area of Environmental
Concern (AEC)?

|:| Yes
|Z| No
[ IN/A

3. Has a CAMA permit been secured?

|:| Yes
|:| No
X N/A

4. Has NCDCM agreed that the project is consistent with the NC Coastal Management Program?

|X| Yes
|:| No
[ IN/A

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)

1. Is this a “full-delivery” project?

|X| Yes
|:| No

2. Has the zoning/land use of the subject property and adjacent properties ever been
designated as commercial or industrial?

|:| Yes
|Z| No
[ IN/A

3. As a result of a limited Phase | Site Assessment, are there known or potential hazardous
waste sites within or adjacent to the project area?

|:| Yes
|X| No
[ IN/A

4. As a result of a Phase | Site Assessment, are there known or potential hazardous waste sites
within or adjacent to the project area?

|:| Yes
|:| No
X N/A

5. As a result of a Phase Il Site Assessment, are there known or potential hazardous waste sites
within the project area?

|:| Yes
|:| No
X N/A

6. Is there an approved hazardous mitigation plan?

|:| Yes
|:| No
X N/A

National Historic Preservation Act (Section 106)

1. Are there properties listed on, or eligible for listing on, the National Register of Historic Places
in the project area?

|:| Yes
|X| No

2. Does the project affect such properties and does the SHPO/THPO concur?

|:| Yes
|:| No
X N/A

3. If the effects are adverse, have they been resolved?

|:| Yes
|:| No
X N/A

Uniform Relocation Assistance and Real Property Acquisition Policies Act (Uniform

Act)

1. Is this a “full-delivery” project?

|X| Yes
|:| No

2. Does the project require the acquisition of real estate?

|X| Yes
|:| No
[ IN/A

3. Was the property acquisition completed prior to the intent to use federal funds?

|:| Yes
|Z| No
[ IN/A

4. Has the owner of the property been informed:
* prior to making an offer that the agency does not have condemnation authority; and
* what the fair market value is believed to be?

|X| Yes
|:| No

[ IN/A




Part 3: Ground-Disturbing Activities

Regulation/Question
American Indian Religious Freedom Act (AIRFA)

Response

1. Is the project located in a county claimed as “territory” by the Eastern Band of Cherokee
Indians?

|:| Yes
|X| No

2. Is the site of religious importance to American Indians?

|:| Yes
|:| No
X N/A

3. Is the project listed on, or eligible for listing on, the National Register of Historic Places?

|:| Yes
|:| No
X N/A

4. Have the effects of the project on this site been considered?

|:| Yes
|:| No
X N/A

Antiquities Act (AA)

1. Is the project located on Federal lands?

|:| Yes
|Z| No

2. Will there be loss or destruction of historic or prehistoric ruins, monuments or objects of
antiquity?

|:| Yes
|:| No
X N/A

3. Will a permit from the appropriate Federal agency be required?

|:| Yes
|:| No
X N/A

4. Has a permit been obtained?

|:| Yes
|:| No
X N/A

Archaeological Resources Protection Act (ARPA)

1. Is the project located on federal or Indian lands (reservation)?

|:| Yes
|X| No

2. Will there be a loss or destruction of archaeological resources?

|:| Yes
|:| No
X N/A

3. Will a permit from the appropriate Federal agency be required?

|:| Yes
|:| No
X N/A

4. Has a permit been obtained?

|:| Yes
|:| No
X N/A

Endangered Species Act (ESA)

1. Are federal Threatened and Endangered species and/or Designated Critical Habitat listed for
the county?

|X| Yes
|:| No

2. Is Designated Critical Habitat or suitable habitat present for listed species?

|X| Yes
|:| No
[ IN/A

3. Are T&E species present or is the project being conducted in Designated Critical Habitat?

|:| Yes
|X| No
[ IN/A

4. Is the project “likely to adversely affect” the specie and/or “likely to adversely modify”
Designated Critical Habitat?

|:| Yes
|:| No
X N/A

5. Does the USFWS/NOAA-Fisheries concur in the effects determination?

|:| Yes
|:| No
X N/A

6. Has the USFWS/NOAA-Fisheries rendered a “jeopardy” determination?

|:| Yes
|:| No
X N/A




Executive Order 13007 (Indian Sacred Sites)

1. Is the project located on Federal lands that are within a county claimed as “territory” by the
EBCI?

|:| Yes
|X| No

2. Has the EBCl indicated that Indian sacred sites may be impacted by the proposed project?

|:| Yes
|:| No
X N/A

3. Have accommodations been made for access to and ceremonial use of Indian sacred sites?

|:| Yes
|:| No
X N/A

Farmland Protection Policy Act (FPPA)

1. Will real estate be acquired?

|X| Yes
|:| No

2. Has NRCS determined that the project contains prime, unique, statewide or locally important
farmland?

|X| Yes
|:| No
[ IN/A

3. Has the completed Form AD-1006 been submitted to NRCS?

|X| Yes
|:| No
[ IN/A

Fish and Wildlife Coordination Act (FWCA)

1. Will the project impound, divert, channel deepen, or otherwise control/modify any water
body?

|X| Yes
|:| No

2. Have the USFWS and the NCWRC been consulted?

|X| Yes
|:| No
[ IN/A

Land and Water Conservation Fund Act (Section 6(f))

1. Will the project require the conversion of such property to a use other than public, outdoor
recreation?

|:| Yes
|X| No

2. Has the NPS approved of the conversion?

|:| Yes
|:| No
X N/A

Magnuson-Stevens Fishery Conservation and Management Act (Essential Fish Habit

1. Is the project located in an estuarine system?

at)
|X|No

2. Is suitable habitat present for EFH-protected species?

|:| Yes
|:| No
X N/A

3. Is sufficient design information available to make a determination of the effect of the project
on EFH?

|:| Yes
|:| No
X N/A

4. Will the project adversely affect EFH?

|:| Yes
|:| No
X N/A

5. Has consultation with NOAA-Fisheries occurred?

|:| Yes
|:| No
X N/A

Migratory Bird Treaty Act (MBTA)

1. Does the USFWS have any recommendations with the project relative to the MBTA?

|:| Yes
|X| No

2. Have the USFWS recommendations been incorporated?

|:| Yes
|:| No
X N/A

Wilderness Act

1. Is the project in a Wilderness area? L] Yes
|X| No
2. Has a special use permit and/or easement been obtained from the maintaining federal agency? []Yes
|:| No

X N/A

|:| Yes




ATTACHMENT 1
EDR REPORT



Cool Run Mitigation Bank
Highfield Court
Shallotte, NC 28470

Inquiry Number: 6247754.2s
October 30, 2020

The EDR Radius Map™ Report

6 Armstrong Road, 4th floor
Shelton, CT 06484

Toll Free: 800.352.0050
www.edrnet.com

FORM-LBF-CCA



EXECUTIVE SUMMARY

A search of available environmental records was conducted by Environmental Data Resources, Inc (EDR).
The report was designed to assist parties seeking to meet the search requirements of EPA’s Standards
and Practices for All Appropriate Inquiries (40 CFR Part 312), the ASTM Standard Practice for
Environmental Site Assessments (E 1527-13), the ASTM Standard Practice for Environmental Site
Assessments for Forestland or Rural Property (E 2247-16), the ASTM Standard Practice for Limited
Environmental Due Diligence: Transaction Screen Process (E 1528-14) or custom requirements developed
for the evaluation of environmental risk associated with a parcel of real estate.

TARGET PROPERTY INFORMATION

ADDRESS

HIGHFIELD COURT
SHALLOTTE, NC 28470

COORDINATES

Latitude (North):
Longitude (West):

33.9709400 - 33° 58’ 15.38”
78.4714960 - 78° 28’ 17.38”

Universal Tranverse Mercator: Zone 17

UTM X (Meters):
UTM Y (Meters):
Elevation:

733615.3
3761621.0
45 ft. above sea level

USGS TOPOGRAPHIC MAP ASSOCIATED WITH TARGET PROPERTY

Target Property Map:
Version Date:

5946123 SHALLOTTE, NC
2013

AERIAL PHOTOGRAPHY IN THIS REPORT

Portions of Photo from:
Source:

20140520
USDA

TC6247754.2s EXECUTIVE SUMMARY 1




[ MAPPED SITES SUMMARY

Target Property Address:
HIGHFIELD COURT
SHALLOTTE, NC 28470

Click on Map ID to see full detail.

MAP RELATIVE DIST (ft. & mi.)
ID SITE NAME ADDRESS DATABASE ACRONYMS ELEVATION DIRECTION
1 QUARTER HORSE LANE P 6450 QUARTER HORSEL  SHWS

Higher 5011, 0.949, SSW

6247754.2s Page 2



EXECUTIVE SUMMARY

TARGET PROPERTY SEARCH RESULTS

The target property was not listed in any of the databases searched by EDR.

DATABASES WITH NO MAPPED SITES

No mapped sites were found in EDR’s search of available ("reasonably ascertainable ") government
records either on the target property or within the search radius around the target property for the
following databases:

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

NPL. .. National Priority List
Proposed NPL_______________. Proposed National Priority List Sites
NPLLIENS. . ____ . .. __ Federal Superfund Liens

Federal Delisted NPL site list
Delisted NPL_________________ National Priority List Deletions

FEDERAL FACILITY_________. Federal Facility Site Information listing
________________________ Superfund Enterprise Management System

Federal CERCLIS NFRAP site list
SEMS-ARCHIVE. ___________. Superfund Enterprise Management System Archive

Federal RCRA CORRACTS facilities list
CORRACTS. ... Corrective Action Report

Federal RCRA non-CORRACTS TSD facilities list
RCRA-TSDF_________________ RCRA - Treatment, Storage and Disposal

Federal RCRA generators list

RCRA-LQG. ... RCRA - Large Quantity Generators

RCRA-SQG. ... RCRA - Small Quantity Generators

RCRA-VSQG______________.__. RCRA - Very Small Quantity Generators (Formerly Conditionally Exempt Small Quantity
Generators)

Federal institutional controls / engineering controls registries

________________________ Land Use Control Information System

TC6247754.2s EXECUTIVE SUMMARY 3



EXECUTIVE SUMMARY

US ENG CONTROLS________. Engineering Controls Sites List
US INST CONTROLS________ Institutional Controls Sites List
ERNS. ... Emergency Response Notification System

State- and tribal - equivalent NPL
NCHSDS. ... ... Hazardous Substance Disposal Site

State and tribal landfill and/or solid waste disposal site lists

SWFILF.___ List of Solid Waste Facilities

OLl .. Old Landfill Inventory

DEBRIS.._______ .. Solid Waste Active Disaster Debris Sites Listing

LCID. .. Land-Clearing and Inert Debris (LCID) Landfill Notifications

State and tribal leaking storage tank lists

LUST. ... Regional UST Database

LAST. .. Leaking Aboveground Storage Tanks

INDIAN LUST. ______________. Leaking Underground Storage Tanks on Indian Land
LUSTTRUST. _______________. State Trust Fund Database

State and tribal registered storage tank lists

FEMAUST. _________________. Underground Storage Tank Listing

UST. .. Petroleum Underground Storage Tank Database
AST. . AST Database

INDIAN UST.________________. Underground Storage Tanks on Indian Land

State and tribal institutional control / engineering control registries

INST CONTROL.____________. No Further Action Sites With Land Use Restrictions Monitoring
State and tribal voluntary cleanup sites

INDIANVCP_ ___ . __.__. Voluntary Cleanup Priority Listing

VCP___ .. Responsible Party Voluntary Action Sites

State and tribal Brownfields sites
BROWNFIELDS. .____________ Brownfields Projects Inventory

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists
US BROWNFIELDS. . ________ A Listing of Brownfields Sites

Local Lists of Landfill / Solid Waste Disposal Sites
HISTLF . .. Solid Waste Facility Listing

TC6247754.2s EXECUTIVE SUMMARY 4



EXECUTIVE SUMMARY

SWRCY____ ... Recycling Center Listing

INDIANODL ________________. Report on the Status of Open Dumps on Indian Lands
ODI. Open Dump Inventory

DEBRISREGION 9. _________. Torres Martinez Reservation lllegal Dump Site Locations
IHS OPEN DUMPS___________ Open Dumps on Indian Land

Local Lists of Hazardous waste / Contaminated Sites

_______________ Delisted National Clandestine Laboratory Register
USCDL._._____ .. National Clandestine Laboratory Register

Local Land Records
LIENS 2. ... CERCLA Lien Information

Records of Emergency Release Reports

HMIRS. .. Hazardous Materials Information Reporting System
SPILLS. . Spills Incident Listing

IMD__ . Incident Management Database
SPILLS90.__________________. SPILLS 90 data from FirstSearch

SPILLS80. ... . _________. SPILLS 80 data from FirstSearch

RCRA NonGen /NLR________. RCRA - Non Generators / No Longer Regulated

FUDS. .. Formerly Used Defense Sites

DOD._ . ... Department of Defense Sites

SCRD DRYCLEANERS..____. State Coalition for Remediation of Drycleaners Listing

USFINASSUR._____________. Financial Assurance Information

EPAWATCHLIST.__________. EPA WATCH LIST

2020 COR ACTION. _________. 2020 Corrective Action Program List

TSCA .. Toxic Substances Control Act

TRIS. . Toxic Chemical Release Inventory System

SSTS. .. Section 7 Tracking Systems

ROD.____ .. Records Of Decision

RMP_ ... Risk Management Plans

RAATS. .. RCRA Administrative Action Tracking System

PRP. ... Potentially Responsible Parties

PADS. .. PCB Activity Database System

ICIS. ... Integrated Compliance Information System

FTTS. ... FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide
Act)/TSCA (Toxic Substances Control Act)

MLTS. .. Material Licensing Tracking System

COALASHDOE._.__________. Steam-Electric Plant Operation Data

COALASHEPA _____________ Coal Combustion Residues Surface Impoundments List

PCB TRANSFORMER.______. PCB Transformer Registration Database

RADINFO. . ... Radiation Information Database

HISTFTTS. .. .. FIFRA/TSCA Tracking System Administrative Case Listing

DOTOPS. ____ ... Incident and Accident Data

CONSENT. ____ ... Superfund (CERCLA) Consent Decrees

INDIAN RESERV_____________ Indian Reservations

FUSRAP.__ ... Formerly Utilized Sites Remedial Action Program

UMTRA. ... Uranium Mill Tailings Sites

LEAD SMELTERS.__________. Lead Smelter Sites

TC6247754.2s EXECUTIVE SUMMARY 5
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USAIRS . .. Aerometric Information Retrieval System Facility Subsystem
USMINES. __________________. Mines Master Index File

ABANDONED MINES________ Abandoned Mines

FINDS. ____ ... Facility Index System/Facility Registry System
UXO. ... Unexploded Ordnance Sites

DOCKETHWC. _____________. Hazardous Waste Compliance Docket Listing
ECHO.______ ... Enforcement & Compliance History Information
FUELS PROGRAM.__________ EPA Fuels Program Registered Listing

AIRS . Air Quality Permit Listing

ASBESTOS. .. ______________. ASBESTOS

COALASH.______________.___. Coal Ash Disposal Sites
DRYCLEANERS..___________. Drycleaning Sites

Financial Assurance.________. Financial Assurance Information Listing

NPDES. ____ ... NPDES Facility Location Listing

UlC. ... Underground Injection Wells Listing

AOP___ .. Animal Operation Permits Listing
MINESMRDS___________.___. Mineral Resources Data System

CCB._ ... Coal Ash Structural Fills (CCB) Listing

PCSRP______ .. Petroleum-Contaminated Soil Remediation Permits
SEPTHAULERS. ___________. Permitted Septage Haulers Listing

EDR HIGH RISK HISTORICAL RECORDS

EDR Exclusive Records

EDRMGP______ .. EDR Proprietary Manufactured Gas Plants
EDR Hist Auto________________ EDR Exclusive Historical Auto Stations
EDR Hist Cleaner____________. EDR Exclusive Historical Cleaners

EDR RECOVERED GOVERNMENT ARCHIVES

Exclusive Recovered Govt. Archives

RGAHWS. ____ ... Recovered Government Archive State Hazardous Waste Facilities List
RGALF . Recovered Government Archive Solid Waste Facilities List
RGALUST. ______ . __. Recovered Government Archive Leaking Underground Storage Tank

SURROUNDING SITES: SEARCH RESULTS

Surrounding sites were identified in the following databases.

Elevations have been determined from the USGS Digital Elevation Model and should be evaluated on
a relative (not an absolute) basis. Relative elevation information between sites of close proximity
should be field verified. Sites with an elevation equal to or higher than the target property have been
differentiated below from sites with an elevation lower than the target property.

Page numbers and map identification numbers refer to the EDR Radius Map report where detailed
data on individual sites can be reviewed.

Sites listed in bold italics are in multiple databases.

Unmappable (orphan) sites are not considered in the foregoing analysis.

TC6247754.2s EXECUTIVE SUMMARY 6



EXECUTIVE SUMMARY

STANDARD ENVIRONMENTAL RECORDS

State- and tribal - equivalent CERCLIS

SHWS: The State Hazardous Waste Sites records are the states’ equivalent to CERCLIS. These sites
may or may not already be listed on the federal CERCLIS list. Priority sites planned for cleanup using state
funds (state equivalent of Superfund) are identified along with sites where cleanup will be paid for by
potentially responsible parties. The data come from the Department of Environment & Natural Resources’
Inactive Hazardous Sites Program.

A review of the SHWS list, as provided by EDR, and dated 05/11/2020 has revealed that there is 1 SHWS
site within approximately 1 mile of the target property.

Equal/Higher Elevation Address Direction / Distance Map ID  Page

QUARTER HORSE LANE P 6450 QUARTER HORSE L SSW 1/2 - 1 (0.949 mi.) 1 8
Facility Id: NONCD0001556
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There were no unmapped sites in this report.

TC6247754.2s EXECUTIVE SUMMARY 8
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ATTACHMENT 2
CORRESPONDENCE FROM
NC STATE HISTORIC PRESERVATION OFFICE



North Carolina Department of Natural and Cultural Resources

State Historic Preservation Office
Ramona M. Bartos, Administrator
Governor Roy Cooper Office of Archives and History
Secretary Susi H. Hamilton Deputy Secretary Kevin Cherry

September 29, 2020

Kim Williams kwilliams@Ilmgroup.net
Land Management Group

3805 Wrightsville Avenue, Suite 15

Wilmington, NC 28403

Re: Cool Run wetland and stream mitigation, Old Shallotte Road NW, Cool Run, Brunswick County,
ER 20-1890

Dear Ms. Williams:

Thank you for your email of August 26, 2020, regarding the above-referenced undertaking. We have
reviewed the submittal and offer the following comments.

We have conducted a review of the project and are aware of no historic resources which would be affected
by the project. Therefore, we have no comment on the project as proposed.

The above comments are made pursuant to Section 106 of the National Historic Preservation Act and the
Advisory Council on Historic Preservation’s Regulations for Compliance with Section 106 codified at 36
CFR Part 800.

Thank you for your cooperation and consideration. If you have questions concerning the above comment,
contact Renee Gledhill-Earley, environmental review coordinator, at 919-814-6579

or environmental.review(@ncdcr.gov. In all future communication concerning this project, please cite the
above referenced tracking number.

Sincerely,

Ramona Bartos, Deputy
State Historic Preservation Officer

Location: 109 East Jones Street, Raleigh NC 27601 ~ Mailing Address: 4617 Mail Service Center, Raleigh NC 27699-4617 Telephone/Fax: (919) 814-6570/814-6598



ATTACHMENT 4
CORRESPONDENCE WITH
US FISH & WILDLIFE SERVICE



Raleigh Field Office
P.O. Box 33726
Raleigh, NC 27636-3726

08/26/2020
Date:

Self-Certification Letter

Project Name Cool Run Mitigation Project

Dear Applicant:

Thank you for using the U.S. Fish and Wildlife Service (Service) Raleigh Ecological
Services online project review process. By printing this letter in conjunction with your
project review package, you are certifying that you have completed the online project
review process for the project named above in accordance with all instructions
provided, using the best available information to reach your conclusions. This letter,
and the enclosed project review package, completes the review of your project in
accordance with the Endangered Species Act of 1973 (16 U.S.C. 1531-1544, 87 Stat.
884), as amended (ESA), and the Bald and Golden Eagle Protection Act (16 U.S.C.
668-668c, 54 Stat. 250), as amended (Eagle Act). This letter also provides
information for your project review under the National Environmental Policy Act of
1969 (P.L. 91-190, 42 U.S.C. 4321-4347, 83 Stat. 852), as amended. A copy of this
letter and the project review package must be submitted to this office for this
certification to be valid. This letter and the project review package will be maintained
in our records.

The species conclusions table in the enclosed project review package summarizes
your ESA and Eagle Act conclusions. Based on your analysis, mark all the
determinations that apply:

“no effect” determinations for proposed/listed species and/or
O proposed/designated critical habitat; and/or

“may affect, not likely to adversely affect” determinations for proposed/listed
species and/or proposed/designated critical habitat; and/or

“may affect, likely to adversely affect” determination for the Northern long-
eared bat (Myotis septentrionalis) and relying on the findings of the January 5,
2016, Programmatic Biological Opinion for the Final 4(d) Rule on the
Northern long-eared bat;

[1]| “no Eagle Act permit required” determinations for eagles.




Applicant Page 2

We certify that use of the online project review process in strict accordance with the
instructions provided as documented in the enclosed project review package results in
reaching the appropriate determinations. Therefore, we concur with the “no effect” or
“not likely to adversely affect” determinations for proposed and listed species and
proposed and designated critical habitat; the “may affect” determination for Northern
long-eared bat; and/or the “no Eagle Act permit required” determinations for eagles.
Additional coordination with this office is not needed. Candidate species are not
legally protected pursuant to the ESA. However, the Service encourages consideration
of these species by avoiding adverse impacts to them. Please contact this office for
additional coordination if your project action area contains candidate species.

Should project plans change or if additional information on the distribution of
proposed or listed species, proposed or designated critical habitat, or bald eagles
becomes available, this determination may be reconsidered. This certification letter is
valid for 1 year. Information about the online project review process including
instructions, species information, and other information regarding project reviews
within North Carolina is available at our website http://www.fws.gov/raleigh/pp.html.
If you have any questions, you can write to us at Raleigh@fws.gov or please contact
Leigh Mann of this office at 919-856-4520, ext. 10.

Sincerely,
/s/Pete Benjamin
Pete Benjamin
Field Supervisor

Raleigh Ecological Services

Enclosures - project review package






9/2/2020 The Davey Tree Expert Company Mail - Re: Fw: DUE DATE: SEPTEMBER 24, 2020 Fw: [EXTERNAL] Cool Run Mitigation Site; Brunswic...

DAVEY’% Williams, Kimberlee <kwilliams@Imgroup.net>

Re: Fw: DUE DATE: SEPTEMBER 24, 2020 Fw: [EXTERNAL] Cool Run Mitigation

Site; Brunswick County; Review Request
1 message

Matthews, Kathryn H <kathryn_matthews@fws.gov> Wed, Sep 2, 2020 at 1:51 PM

To: "Williams, Kim" <kwilliams@Imgroup.net>
Cc: "Mann, Leigh" <leigh_mann@fws.gov>, "Brew, Donnie (FHWA)" <Donnie.Brew@dot.gov>

| don't have any comments.

| am copying FHWA (Donnie Brew) about this, because Federal agencies don't need to consult with us if
they have made a "no effect" determinaon (NLEB is ¢ overed by a programmac BO). Ify ou must have a
le. er so early in the process, please look into prinngy our own letter from our online review process
before submingt o us. The Corps and FHWA are familiar with that process, and should accept those
letters, even though they are not signed by a human. We do review those packages that come in from the
online review process, and provide comments within 30 days if we do not agree with the determinaons.

Thanks,

Kathy Mahe ws

Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
551-F Pylon Drive

Raleigh, NC 27606
919-856-4520, x. 27

From: Williams, Kim <kwilliams@Imgroup.net>

Sent: Wednesday, September 2, 2020 1:01 PM

To: Matthews, Kathryn H <kathryn_matthews@fws.gov>
Cc: Mann, Leigh <leigh_mann@fws.gov>

Subject: Re: Fw: DUE DATE: SEPTEMBER 24, 2020 Fw: [EXTERNAL] Cool Run Milgallon Site; Brunswick County; Review

Request

Hi Kathy
| spoke with the project team about whether you could wait to issue comments until the mitigation plan has been
developed. Unfortunately, we need to first complete and submit the CE so that we can continue to move forward with the

project. Then we will be able to complete the mitigation plan. Would you be able to issue an email with any comments you

may have under this preliminary review given the limited information provided in our letter and figures? We understand
that your office will be able to review the project again later on in the process once you have additional project details and
that you may have additional comments at that time.

Let me know what you think.

Thanks!
Kim

Kim Williams | Environmental Scientist

Land Management Group | Environmental Consultants

https://mail.google.com/mail/u/0?ik=5f499cd1a1&view=pt&search=all&permthid=thread-f%3A1676658310105957492%7Cmsg-f%3A16767454823332...
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CORRESPONDENCE WITH
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U.S. Department of Agriculture

FARMLAND CONVERSION IMPACT RATING

PART | (To be completed by Federal Agency)

Date Of Land Evaluation Request 08/20/2020

Name of Project coo| Run Mitigation Site

Federal Agency Involved Federal Highway Administration

Proposed Land Use gtream and wetland restoration County and State Brunswick County, North Carolina

PART Il (To be completed by NRCS) Date Request Received By

NRcs 08/20/2020

Person Completing Form:

Milton Cortes NRCS NC

Does the site contain Prime, Unique, Statewide or Local Important Farmland? YES NO Acres lIrrigated Average Farm Size
(If no, the FPPA does not apply - do not complete additional parts of this form) none 193 acres
Major Crop(s) Farmable Land In Govt. Jurisdiction Amount of Farmland As Defined in FPPA
CORN Acres: 55.1 % 303,638 acres Acres: 44.6 % 245,728 acres
Name of Land Evaluation System Used Name of State or Local Site Assessment System Date Land Evaluation Returned by NRCS
Brunswick County, NC LESA N/A August 24, 2020 by eMail

PART Ill (To be completed by Federal Agency)

Alternative Site Rating

Site A Site B Site C Site D
A. Total Acres To Be Converted Directly 2515
B. Total Acres To Be Converted Indirectly 0
C. Total Acres In Site 2515
PART IV (To be completed by NRCS) Land Evaluation Information
A. Total Acres Prime And Unique Farmland 5.90
B. Total Acres Statewide Important or Local Important Farmland 0.8
C. Percentage Of Farmland in County Or Local Govt. Unit To Be Converted 0.0027
D. Percentage Of Farmland in Govt. Jurisdiction With Same Or Higher Relative Value 55.1
PART V (To be completed by NRCS) Land Evaluation Criterion _ 25
Relative Value of Farmland To Be Converted (Scale of 0 to 100 Points)
PART VI (To be completed by Federal Agency) Site Assessment Criteria Maximum | site A Site B Site C Site D
(Criteria are explained in 7 CFR 658.5 b. For Corridor project use form NRCS-CPA-106) Points
1. Area In Non-urban Use (15) 15
2. Perimeter In Non-urban Use (10) 10
3. Percent Of Site Being Farmed (20) 0
4. Protection Provided By State and Local Government (20) 20
5. Distance From Urban Built-up Area 19 15
6. Distance To Urban Support Services (19) 10
7. Size Of Present Farm Unit Compared To Average (10) 0
8. Creation Of Non-farmable Farmland (10) 0
9. Availability Of Farm Support Services ®) 3
10. On-Farm Investments (20) 10
11. Effects Of Conversion On Farm Support Services (10) 0
12. Compatibility With Existing Agricultural Use (10) 3
TOTAL SITE ASSESSMENT POINTS 160 86 0 0 0
PART VII (To be completed by Federal Agency)
Relative Value Of Farmland (From Part V) 100 25 0 0 0
Total Site Assessment (From Part VI above or local site assessment) 160 86 0 0 0
TOTAL POINTS (Total of above 2 lines) 260 111 0 0 0
Was A Local Site Assessment Used?
Site Selected: Site A Date Of Selection 9/2/2020 YES Nno| X

Reason For Selection:

"Site A" is located within existing drainage ways within the farmland, and minimizes impacts to higher valued upland areas which
contain higher quality soils for growing agricultural crops. Additionally, "Site A" meets the goals and intent of the proposed project.

We believe "Site A" to be consistent with the Farmland Protection Policy Act (FPPA).

Name of Federal agency representative completing this form: Kevin Yates - Clearwater Mitigation Solutions

| Date: 9/2/2020

(See Instructions on reverse side)

Form AD-1006 (03-02)
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Custom Soil Resource Report
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Brunswick County, North Carolina
Survey Area Data: Version 24, Jun 2, 2020

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Dec 31, 2009—Sep
30, 2017

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Custom Soil Resource Report

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

Baymeade fine sand, 1 to 6 0.8
percent slopes

Goldsboro fine sandy loam, 0 to 3.9
2 percent slopes

Lynchburg fine sandy loam, 0 to 2.0
2 percent slopes, Atlantic
Coast Flatwoods

Muckalee loam 18.5

Totals for Area of Interest 25.1

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.
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10/30/2020 The Davey Tree Expert Company Mail - RE: Cool Run Mitigation Site; Brunswick County; Form AD-1006

DAVEY’% Williams, Kimberlee <kwilliams@Imgroup.net>

RE: Cool Run Mitigation Site; Brunswick County; Form AD-1006

1 message

Cortes, Milton - NRCS, Raleigh, NC <milton.cortes@usda.gov> Mon, Aug 24, 2020 at 7:07 AM
To: "Williams, Kim" <kwilliams@Imgroup.net>, Kevin Yates <clearwatermitigation@gmail.com>, Wes Fryar <wfryar@Imgroup.net>

Good morning Kim;
Please find attached the FARMLAND CONVERSION IMPACT RATING evaluation for the Cool Run Mitigation Site is located in Brunswick County, NC
If we can be of further assistance, please let us know.

Best Regards

Milton Cortés

State Soil Scientist

Raleigh, North Carolina State Office
Natural Resources Conservation Service
United States Department of Agriculture
Office: 919-873-2171

Cell: 984-365-2201
Milton.Cortes@usda.gov

https://mail.google.com/mail/u/0?ik=5f499cd1a1&view=pt&search=all&permthid=thread-a%3Ar7903846819807934649%7Cmsg-f%3A1675904668920390917&simpl=msg-f%3A1675904668920390917...  1/3
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10/30/2020 The Davey Tree Expert Company Mail - RE: Cool Run Mitigation Site; Brunswick County; Form AD-1006

“If you always wait for the right time, you might never begin”

From: Williams, Kim <kwilliams@Imgroup.net>

Sent: Friday, August 21, 2020 9:04 AM

To: Cortes, Milton - NRCS, Raleigh, NC <milton.cortes@usda.gov>; Kevin Yates <clearwatermitigation@gmail.com>; Wes Fryar <wfryar@Imgroup.net>
Subject: Cool Run Mitigation Site; Brunswick County; Form AD-1006

Hi Milton

We are working on a full-delivery mitigation site for DMS and need your assistance in filling out the AD-1006 form for the site. The Cool Run Mitigation Site is
located in Brunswick County. Attached is a vicinity map, AD-1006 form with sections | and Ill completed, the NRCS soils report, and the corresponding soils
shapefiles.

Let me know if you need anything else to determine if the site contains prime farmland and to complete relevant sections of the form.

Thanks so much!

Kim

Kim Williams | Environmental Scientist

Land Management Group | Environmental Consultants
Direct: 910-452-0001 x 1908 | Cell: 910.471.5035 | Fax: 910.452.0060
3805 Wrightsville Ave., Suite 15 | Wilmington, NC 28403

Email: kwilliams@Imgroup.net | Website: www.Imgroup.net

This electronic message contains information generated by the USDA solely for the intended recipients. Any unauthorized interception of this message or the use
or disclosure of the information it contains may violate the law and subject the violator to civil or criminal penalties. If you believe you have received this message in
error, please notify the sender and delete the email immediately.

https://mail.google.com/mail/u/0?ik=5f499cd1a1&view=pt&search=all&permthid=thread-a%3Ar7903846819807934649%7Cmsg-f%3A1675904668920390917&simpl=msg-f%3A1675904668920390917...  2/3
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11/25/2020 The Davey Tree Expert Company Mail - RE: [External] Fwd: Cool Run Mitigation Project; Brunswick County

mm% Williams, Kimberlee <kwilliams@Imgroup.net>

RE: [External] Fwd: Cool Run Mitigation Project; Brunswick County

1 message

Wilson, Travis W. <travis.wilson@ncwildlife.org> Wed, Nov 25, 2020 at 10:42 AM
To: "Williams, Kimberlee" <kwilliams@Imgroup.net>
Cc: Kevin Yates <clearwatermitigation@gmail.com>, "Dunn, Maria T." <maria.dunn@ncwildlife.org>

Kim, It sounds like Maria is in the field and I'm sure you are hoping to get this wrapped up before the holiday. | provided
comments at the onsite meeting as well as some follow up information with Kevin concerning a potential future NCDOT
highway project in the area. Further review of the project area did not identify any additional information or species
concerns; therefore we do not have any specific comments to add at this time.

Travis W. Wilson
Eastern Region Highway Project Coordinator

Habitat Conservation Program

NC Wildlife Resources Commission
1718 Hwy 56 West

Creedmoor, NC 27522

Phone: 919-707-0370

Fax: 919-528-2524

Travis.Wilson@ncwildlife.org

From: Williams, Kimberlee <kwilliams@Imgroup.net>

Sent: Wednesday, November 25, 2020 9:30 AM

To: Wilson, Travis W. <travis.wilson@ncwildlife.org>

Cc: Kevin Yates <clearwatermitigation@gmail.com>; Dunn, Maria T. <maria.dunn@ncwildlife.org>
Subject: Re: [External] Fwd: Cool Run Mitigation Project; Brunswick County

External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

Hi Travis and Maria

https://mail.google.com/mail/u/0?ik=5f499cd1a1&view=pt&search=all&permthid=thread-a%3Ar-138116077792317420%7Cmsg-f%3A1684347536775... 1/4
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11/25/2020 The Davey Tree Expert Company Mail - RE: [External] Fwd: Cool Run Mitigation Project; Brunswick County
| wanted to check in on Cool Run. Can you tell me when you anticipate being able to provide comments?

Thanks so much and have a nice Thanksgiving!

Kim

Kim Williams | Environmental Scientist

Land Management Group | Environmental Consultants
Direct: 910-452-0001 x 1908 | Cell: 910.471.5035 | Fax: 910.452.0060
3805 Wrightsville Ave., Suite 15 | Wilmington, NC 28403

Email: kwilliams@Imgroup.net | Website: www.Imgroup.net

On Wed, Nov 18, 2020 at 2:35 PM Wilson, Travis W. <travis.wilson@ncwildlife.org> wrote:

The project is in Maria Dunn’s region so she will be the WRC POC for this project. The information was forwarded to
her Monday from our Raleigh office and she reached out to me to get my feedback since | was onsite during the

prospectus review. | apologize for the delay, projects that go through Raleigh can get caught in just the mass volume
of incoming items particularly mail with limited office staff these days. We will provide a response as soon as possible.

Travis

From: Williams, Kimberlee <kwilliams@Imgroup.net>

Sent: Tuesday, November 17, 2020 12:26 PM

To: Wilson, Travis W. <travis.wilson@ncwildlife.org>; Kevin Yates <clearwatermitigation@gmail.com>
Subject: [External] Fwd: Cool Run Mitigation Project; Brunswick County

External email. Do not click links or open attachments unless you verify. Send all suspicious email as
an attachment to report.spam@nc.gov

Hi Travis

We are working with Clearwater Mitigation Solutions on a full-delivery riparian wetland and stream mitigation project
known as the Cool Run Mitigation Site for NC Division of Mitigation Services. The 25.15-acre project site is located in
Brunswick County, approximately five miles southwest of the city limits of Shallotte, NC. The project involves the
restoration and enhancement of stream channels and wetlands within the site (see attached). As part of the
environmental documentation process, | reached out to Shannon Deaton at WRC a couple of times requesting
comment, but haven't heard back. Is she the right point of contact? If not, can you point me in the right direction? DMS
would like something in writing from WRC (even a quick email stating there are no comments).

Thanks so much for any assistance you can provide!

https://mail.google.com/mail/u/0?ik=5f499cd1a1&view=pt&search=all&permthid=thread-a%3Ar-138116077792317420%7Cmsg-f%3A1684347536775...  2/4
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ATTACHMENT 7
COASTAL CONSISTENCY DETERMINATION FROM
NC DIVISION OF COASTAL MANAGEMENT



11/12/2020 The Davey Tree Expert Company Mail - RE: [External] Cool Run Mitigation Site; Brunswick County DCM20200040

DAVEY’% Williams, Kimberlee <kwilliams@Imgroup.net>

RE: [External] Cool Run Mitigation Site; Brunswick County DCM20200040

1 message

Govoni, Daniel <daniel.govoni@ncdenr.gov> Thu, Nov 12, 2020 at 9:12 AM
To: "Williams, Kim" <kwilliams@Imgroup.net>, Kevin Yates <clearwatermitigation@gmail.com>

Hello Kim,

North Carolina’s coastal zone management program consists of, but is not limited to, the Coastal Area
Management Act, the State’s Dredge and Fill Law, Chapter 7 of Title 15A of North Carolina’s Administrative
Code, and the land use plan of the County and/or local municipality in which the proposed project is
located. It is the objective of the Division of Coastal Management (DCM) to manage the State’s coastal
resources to ensure that proposed federal actions would be compatible with safeguarding and perpetuating
the biological, social, economic, and aesthetic values of the State’s coastal waters.

DCM has reviewed the submitted information pursuant to the management objectives and enforceable
policies of Subchapters 7H and 7M of Chapter 7 in Title 15A of the North Carolina Administrative Code and
concurs that the proposed activity is consistent with North Carolina’s approved coastal management
program.

Prior to the initiation of the activities described, the applicant should obtain any required State approvals or
authorizations, including any authorizations required by the N.C. Division of Water Resources. Should the
proposed action be modified further, a revised consistency determination could be necessary. This might
take the form of either a supplemental consistency determination pursuant to 15 CFR 930.46, or a new
consistency determination pursuant to 15 CFR 930.36. Likewise, if further project assessments reveal
environmental effects not previously considered, a supplemental consistency certification may be required.
If you have any questions, please contact me at (252) 808-2808. Thank you for your consideration of the
North Carolina Coastal Management Program.

Daniel

From: Williams, Kim [mailto:kwilliams@Imgroup.net]

Sent: Wednesday, September 16, 2020 1:45 PM

To: Govoni, Daniel <daniel.govoni@ncdenr.gov>; Kevin Yates <clearwatermitigation@gmail.com>
Subject: Re: [External] Cool Run Mi ga on Site; Brunswick County

External email. Do not click links or open a achments unless you verify. Send all suspicious email as an a achment to
report.spam@nc.gov

https://mail.google.com/mail/u/0?ik=5f499cd1a1&view=pt&search=all&permthid=thread-f%3A1683164085617859321%7Cmsg-f%3A16831640856178... 1/3
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11/12/2020 The Davey Tree Expert Company Mail - RE: [External] Cool Run Mitigation Site; Brunswick County DCM20200040

Hi Daniel

Clearwater Mitigation Solutions, LLC (CMS) and Land Management Group (LMG) plan to provide a full-delivery riparian
wetland and stream mitigation project, known as the Cool Run Mitigation Site, for NC Division of Mitigation Services. The
site is located in Shallotte, NC (Brunswick County). Because the project is located in a coastal county, we have prepared
a Coastal Consistency Determination for your review and concurrence.

Attached is the CCD narrative and site figures. Please review at your convenience and let me know if you have any
questions. We look forward to hearing from you.

Thanks!
Kim

Kim Williams | Environmental Scientist

Land Management Group | Environmental Consultants
Direct: 910-452-0001 x 1908 | Cell: 910.471.5035 | Fax: 910.452.0060
3805 Wrightsville Ave., Suite 15 | Wilmington, NC 28403

Email: kwilliams@Imgroup.net | Website: www.Imgroup.net

On Fri, Sep 4, 2020 at 11:26 AM Govoni, Daniel <daniel.govoni@ncdenr.gov> wrote:

Hello Kim,

Please submit the consistency determina on to me and you may email it. Let me know if you have any other
qgues ons. Thanks-Daniel

From: Williams, Kim [mailto:kwilliams@Imgroup.net]

Sent: Friday, September 4, 2020 11:16 AM

To: Govoni, Daniel <daniel.govoni@ncdenr.gov>

Subject: [External] Cool Run Mi ga on Site; Brunswick County

External email. Do not click links or open a achments unless you verify. Send all suspicious email as an
a achment to report.spam@nc.gov

Hi Daniel

| hope you are doing well. LMG is working on a stream and wetland restoration project for the NC Division of Mitigation
Services called the Cool Run Mitigation Site, which is located in Brunswick County. Because of federal funding, we are

https://mail.google.com/mail/u/0?ik=5f499cd1a1&view=pt&search=all&permthid=thread-f%3A1683164085617859321%7Cmsg-f%3A16831640856178... 2/3
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SLOPES Manual — North Carolina Cool Run Stream and Riparian
September 2021 Wetland Mitigation Site

Appendix B — Red-cockaded Woodpecker Effects Determination Key
Note that when the USACE is the lead federal agency for a project, it is responsible for determining (1) the
ESA action area for that project and (2) the effects to federally listed species and/or designated critical
habitat. Please contact the appropriate USACE representative for any questions as to the action area or
the effects determination (for a list of USACE representatives, please see the contact list at http://saw-
reg.usace.army.mil/FO/PMList.pdf). The USFWS is available to offer technical assistance to prospective
permittees for proposed actions, to include providing guidance on species presence in the action area and
how the proposed action is likely to affect the species and/or designated critical habitat.

ORM2 No.: Date  7/15/22

USFWS Reference No. (if applicable):

1) Is the action area’ located within the RCW consultation area (see Appendix A and project-specific
results from a project-specific IPaC or internal USACE GIS review)?

2) s the action area’ located in the northeastern coastal plain (see Appendix A)?

3) Isthe action area® located in a forested area with pine trees present in northeast North Carolina (e.g.,
high pocosin, Atlantic white cedar, nonriverine swamp forests, pond pine woodland, coastal fringe
evergreen forest, wet successional pine/pine-hardwood forest, or pine plantation or uplands)? If yes,
are the pine trees greater than 30 years of age (if stand age is not readily determined, refer to Table
1 for a description of the minimum dbh of 30-year-old pines associated with each community type).
If the answer to both of these questions is yes, choose Yes below. If the answer to one or both
guestions is no, then choose No below.

4) s the action area® located within suitable RCW foraging or nesting habitat (pine or pine/hardwood
stands in which 50% or more of the dominant trees are pines and the dominant pine trees are 30
years of age or older or >8-inches dbh>)?

DRG performed a site assessment of the entire site in 2020. The tract has been managed for silvicultural
production for many years and has been recently clear-cut. Some larger hardwoods exist along stream
drains, but vegetation is dense in these areas. Other areas that were recently timbered or support young
pines, red maple, and sweet gum. Therefore, the site does not appear to provide suitable habitat for the
RCW.

5) Will any activity in the action area® remove trees equal to or greater than 8 inches dbh; or occur within
200 feet of known RCW cavity trees? If unable to determine the location of a cavity tree with
confidence, contact the USFWS Raleigh Ecological Services Field Office.

12


http://saw-reg.usace.army.mil/FO/PMList.pdf
http://saw-reg.usace.army.mil/FO/PMList.pdf

SLOPES Manual — North Carolina

September 2021
D) Nttt ettt sttt st b e s et et R ses et e b ek eRe s etk seR sen e et Rt ebe s et een et eseneaens NLAA3
6) Is the action area located in suitable RCW nesting habitat (in the sandhills and piedmont: pine or

7)

8)

9)

pine/hardwood stands that contain pines 60 years in age or older or 210 inches dbh; in the
southeastern coastal plain: pine or pine/hardwood stands that contain pines =8 inches dbh, including
but not limited to pine flatwoods, pocosin, pine savannah, upland pine/hardwood)?

Does suitable nesting habitat occur within 0.5 miles of suitable foraging habitat that would be
impacted by any activity in the action area?

Refer to Table 1 in the SLOPES for the northeastern North Carolina habitat type in the action area. Are
pine trees with a dbh equal to or greater than that shown in Table 1 proposed to be removed in the
action area?, or is the action area® within 200 feet of a cavity tree? If the answer to either of these
questions is yes, chose Yes below. If unable to determine the location of a cavity tree with confidence,
then contact the USFWS Raleigh Field Office.

Contact the appropriate USACE representative for a pre-application meeting to determine if a survey
is necessary (for a list of USACE representatives please see the contact list at http://saw-
reg.usace.army.mil/FO/PMList.pdf). Note that project-specific information, such as a delineation of
waters of the U.S. and project plans, may be needed for the USACE to determine the action area(s)?
of the project. If a survey is required and agreed to by the applicant, all suitable RCW nesting habitat
within 0.5 miles of the action area should be surveyed according to USFWS protocol for the presence
of RCW cavity trees®. If the applicant is unwilling or unable to conduct the survey, standard
consultation with the USFWS should begin. Such surveys are conducted by running line transects
through stands and visually inspecting all medium-sized and large pines for evidence of cavity
excavation by RCWs. Transects must be spaced so that all trees are inspected and are run north-south.
Was a survey performed?

a) VYes, a survey was performed, and RCW cavity trees were observed........ccccoveeevevneneeneenenn. goto 10
b) VYes, a survey was performed, no RCW cavity trees were observed, and the USFWS agreed with
EHE SUPVEY FESUILS...eeveev ettt vttt eea st ettt s aesess et eeasa s et e s esn s sssesaees NLAA3
c) No, after conversations with the USFWS the USACE determined that a survey was not
MECESSANY ouveevereerieeteseesetesesesesssesassesssaetesesseae s st sessesstssasasseessasansesasaesassessassessetesasassnsesssastesernsassesensstesasoes NLAA3
d) No, a survey was not performed........ccuouveeeeeiceeie e e e Consultation required?®

10) Does the project involve a disturbance (e.g., seismic activity, percussive activity, all-terrain vehicle or

other off-road vehicle use, motorized equipment, forest management or similar disturbance) within
the 200-foot cavity tree buffer, and/or removal or damage to RCW cavity trees (e.g., via root
compaction, soil compaction)? If yes to either or both then consultation is required.

@) Y BS ittt ettt te e te e he st et a bt eb et et aasaae et ebeebe st teaneabentesaeresanes Consultation required®
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11) Has a foraging habitat analysis (FHA)® been conducted to determine whether enough foraging habitat
would remain for each RCW group post-project? For information on how to conduct an FHA, refer to
the “Procedures for Determining Foraging Habitat Availability” and the Private Land Guidelines.’

a) Yes, the FHA has been submitted to the USFWS for concurrence® and the USFWS concurred that

adequate amounts of foraging habitat would remain post-project.......ccccccevvevicerveeverennennns NLAA3
b) Yes, and review of the FHA by the USACE along with concurrence from USFWS determined

inadequate amounts of foraging habitat would remain post-project.......... Consultation required®
c) No, an FHA has not been conducted...........ccccueiveeiiceccece et Consultation required?®

1Please contact the appropriate USACE representative for any questions as to the size of the action area. For a list of USACE
representatives please see the contact list at http://saw-reg.usace.army.mil/FO/PMList.pdf.

2No effect — The proposed project would result in no effect to this species and/or its federally designated critical habitat (if
applicable). Further consultation with the USFWS Raleigh and Asheville Ecological Services field offices is not necessary for the
project as described.

3NLAA — The proposed project may affect but is not likely to adversely affect this species and/or its designated critical habitat (if
applicable). NLAA determinations for projects made pursuant to this key require no further consultation with the USFWS Raleigh
and Asheville Ecological Services field offices, therefore, consultation is considered complete for this species. For General Permits,
a Pre-Construction Notification will be required for all NLAA determinations.

4Follow link to USFWS RCW Recovery Plan, Appendix 4 for additional information on nesting and foraging habitats, and survey
protocol (https://www.fws.gov/rcwrecovery/files/RecoveryPlan/survey protocol.pdf)

5Consultation required — Contact the USACE to begin this consultation process. For a list of USACE representatives please see the
contact list at http://saw-reg.usace.army.mil/FO/PMList.pdf. Further consultation with the USFWS Raleigh and Asheville
Ecological Services field offices is necessary to discern if the activity would result in a “no effect,” “not likely to adversely affect,”
or “likely to adversely affect” determination.

5Follow links for additional information on conducting FHA (https://www.fws.gov/rcwrecovery/matrix.html) and for
determining foraging habitat availability (https://www.fws.gov/ncsandhills/files/fha data collection procedures.pdf).

7Follow link for additional information regarding determination for adequate amount of foraging habitat
(https://www.fws.gov/rcwrecovery/files/RecoveryPlan/private lands guidelines.pdf).

8 FHA — When an FHA is conducted, the USACE must provide the FHA to USFWS for review and concurrence.

Additional Information
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Appendix F

FEMA Coordination
HEC-RAS
DrainMod Analysis
Hydrographs/Precipitation Data

Mitigation Plan (Project No. 100142) Appendices
Cool Run Stream and Wetland Restoration Site Clearwater Mitigation Solutions
Brunswick County, North Carolina September 2022



From: Grant Lewis

To: john.shirk@brunswickcountync.gov

Cc: Kevin Yates; Fryar, Wesley

Subject: Cool Run Stream Restoration Site FEMA Coordination
Date: Tuesday, July 6, 2021 12:06:00 PM

Attachments: EEMA.pdf

Hello Mr. Shirk;

| am in the early stages of a stream and wetland restoration project near the Town of Shallotte, in
Brunswick County. The project is intended to restore ditched and dredged streams along Cool Run
and an associated tributary, as well as, adjacent riparian wetlands.

This project is being conducted for the State of North Carolina Division of Mitigation Services
(formerly known as the Ecosystem Enhancement Program [EEP]). As part of the project, we are
required to obtain confirmation from the local floodplain administrator confirming actions to be
conducted with FEMA. Our project is not located in any FEMA flood zones; therefore, | am not
expecting to complete a CLOMR or LOMR.

If you could please review the attached information and check/sign the last page of the EEP
Floodplain Requirements Checklist | would greatly appreciate it. If you have any questions, please do
not hesitate to contact me.

Thank you.
Grant

Grant Lewis

Senior Project Manager
Axiom Environmental, Inc.
218 Snow Avenue

Raleigh, North Carolina 27603

dlewis@axiomenvironmental.org
(919) 215-1693 (cell)


mailto:glewis@axiomenvironmental.org
mailto:john.shirk@brunswickcountync.gov
mailto:clearwatermitigation@gmail.com
mailto:wfryar@lmgroup.net
mailto:glewis@axiomenvironmental.org

Axiom Environmental, Inc.
218 Snow Avenue, Raleigh, North Carolina 27603  919-215-1693

Axiom Environmental, Inc.

July 6, 2021

John Shirk

Brunswick County Floodplain Administrator
75 Courthouse Drive (Building 1)

Bolivia, NC 28422

Re:  Cool Run Stream and Wetland mitigation project
Brunswick County 21-008
FEMA Floodplain Requirements Checklist

Dear Mr. Shirk:

The purpose of this letter is to request concurrence from Brunswick County concerning a stream and
wetland restoration site located in near the Town of Shallotte. The Site encompasses approximately
25.6 acres of agriculture land used for row crops and cut over timberland along Cool Run and an
unnamed tributary. Proposed activities at the Site include the restoration of stream channels and
riparian wetlands.

FEMA mapping was reviewed to determine if the project is in a FEMA study area (DFIRM panel
numbers 1048, 1068, 1057, and 1067). Based on existing floodplain mapping, the Site is not
overlain by any FEMA mapped zones or floodways. We request guidance from your organization as
to how to move forward with the project.

We thank you in advance for your timely response and cooperation. Please feel free to contact me at
the above referenced phone number with any questions that you may have with this project.

Yours truly,

AXIOM ENVIRONMENTAL

W /ﬂwwj cjf,{/glﬁ

W. Grant Lewis
Senior Project Manager





Attachments
Figure 1 Site Location
Figure 2 Hydrologic Unit Map
Figure 3 Topography and Drainage Area
Figure 4A Existing Conditions
Figure 4B LIDAR
Figure 5 Reference Dimension, Pattern, and Profile
Figure 6 Proposed Conditions
Figure 7 Proposed Dimension, Pattern, and Profile

EEP Floodplain Requirements Checklist
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PROGRAM

NORTH CAROLIN A

EEP Floodplain Requirements Checklist

This form was developed by the National Flood Insurance program, NC Floodplain
Mapping program and Ecosystem Enhancement Program to be filled for all EEP projects.
The form is intended to summarize the floodplain requirements during the design phase of
the projects. The form should be submitted to the Local Floodplain Administrator with
three copies submitted to NFIP (attn. State NFIP Engineer), NC Floodplain Mapping Unit

(attn. State NFIP Coordinator) and NC Ecosystem Enhancement Program.

entire site;

Project Location
Name of project: Cool Run Site
Name if stream or feature: | Cool Run
County: Brunswick
Name of river basin: Lumber
Is project urban or rural? Rural
Name of Jurisdictional Shallotte
municipality/county:
DFIRM panel number for 1048, 1068, 1057, and 1067

Consultant name;

Axiom Environmental, Inc.

Phone number:

919-215-1693

Address:

218 Snow Avenue
Raleigh, NC 27603

FEMA Floodplain_Checklist.docx

Page 1 of 3






Design Information

Provide a general description of project (one paragraph). Include project limits on a
reference orthophotograph at a scale of 17 = 500”. (See Attached)

Summarize stream reaches or wetland areas according to their restoration priority.

(See Attached)
Example
Reach Length Priority
Example: Reach A 1000 One (Restoration)
Example: Reach B 2000 Three (Enhancement)

Floodplain Information

Is project located in a Special Flood Hazard Area (SFHA)?

o iy
Yes ®* No The lower reaches

If project is located in a SFHA, check how it was determined:
I Redelineation

I™ Detailed Study

I Limited Detail Study
™ Approximate Study
¥ Don't know

List flood zone designation:

Check if applies:
I AE Zone

C Floodway
¢ Non-Encroachment
@ None
™ A Zone
" Local Setbacks Required
" No Local Setbacks Required

If local setbacks are required, list how many feet:

Does proposed channel boundary encroach outside floodway/non-
encroachment/setbacks?

 Yes @ No

FEMA_Floodplain_Checklist.docx Page 2 of 3





Land Acquisition (Check)
I State owned (fee simple)

I” Conservation easment (Design Bid Build)

I Conservation Easement (Full Delivery Project)

Note: if the project property is state-owned, then all requirements should be addressed
to the Department of Administration, State Construction Office (attn: Herbert Neily,
(919) 807-4101)

Is community/county participating in the NFIP program?
C Yes @& No

Note: if community is not participating, then all requirements should be addressed to
NFIP (attn: State NFIP Engineer, (919) 715-8000

Name of Local Floodplain Administrator: John Shirk
Phone Number: 910-253-2046

Floodplain Requirements

This section to be filled by designer/applicant following verification with the LFPA
I” No Action

I” No Rise

I Letter of Map Revision
[~ Conditional Letter of Map Revision

LT MR AT

I~ Other Requirements

List other requirements:

Comments:

Name: W. Grant Lewis Signature: M/ M }f

Title: President Date: ?/ 6 / 2o0z|

FEMA_Floodplain_Checklist.docx Page 3 of 3






Axiom Environmental, Inc.
218 Snow Avenue, Raleigh, North Carolina 27603  919-215-1693

July 6, 2021

John Shirk

Brunswick County Floodplain Administrator
75 Courthouse Drive (Building 1)

Bolivia, NC 28422

Re:  Cool Run Stream and Wetland mitigation project
Brunswick County 21-008
FEMA Floodplain Requirements Checklist

Dear Mr. Shirk:

The purpose of this letter is to request concurrence from Brunswick County concerning a stream and
wetland restoration site located in near the Town of Shallotte. The Site encompasses approximately
25.6 acres of agriculture land used for row crops and cut over timberland along Cool Run and an
unnamed tributary. Proposed activities at the Site include the restoration of stream channels and
riparian wetlands.

FEMA mapping was reviewed to determine if the project is in a FEMA study area (DFIRM panel
numbers 1048, 1068, 1057, and 1067). Based on existing floodplain mapping, the Site is not
overlain by any FEMA mapped zones or floodways. We request guidance from your organization as
to how to move forward with the project.

We thank you in advance for your timely response and cooperation. Please feel free to contact me at
the above referenced phone number with any questions that you may have with this project.

Yours truly,

AXIOM ENVIRONMENTAL

,INC.

W. Grant Lewis
Senior Project Manager



Attachments
Figure 1 Site Location
Figure 2 Hydrologic Unit Map
Figure 3 Topography and Drainage Area
Figure 4A Existing Conditions
Figure 4B LIDAR
Figure 5 Reference Dimension, Pattern, and Profile
Figure 6 Proposed Conditions
Figure 7 Proposed Dimension, Pattern, and Profile

EEP Floodplain Requirements Checklist
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USED TO BACKFILL EXISTING CHANNEL.

2. BANK PROTECTION SHALL CONSIST OF NATURAL COIR FIBER MATTING.

3. THE CONTRACTOR SHALL SUPPLY BED MATERIAL FOR THE ENTIRE BED

LENGTH OF EACH RIFFLE SECTION. THE BED MATERIAL SHALL CONSIST OF
A MIX OF CLASS A AND SMALLER STONE.

NOTES/REVISIONS

Cool Run
Mitigation Site
Brunswick County
North Carolina

CROSS-SECTION DIMENSIONS

REACH WbhKf (ft.) | Wbot (ft.) | Driff (ft.) Dthal (ft.) Dpool (ft.) Wopool (ft.) | Wthal (ft.)
Cool Run Upstream 14.1 10.1 0.9 0.1 1.3 18.4 1.0
Cool Run Downstream 15.0 11.0 0.9 0.1 1.3 19.5 1.0
uT 1 5.8 38 0.4 0.1 0.7 75 1.0
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EEP Floodplain Requirements Checklist

This form was developed by the National Flood Insurance program, NC Floodplain
Mapping program and Ecosystem Enhancement Program to be filled for all EEP projects.
The form is intended to summarize the floodplain requirements during the design phase of
the projects. The form should be submitted to the Local Floodplain Administrator with
three copies submitted to NFIP (attn. State NFIP Engineer), NC Floodplain Mapping Unit

(attn. State NFIP Coordinator) and NC Ecosystem Enhancement Program.

entire site;

Project Location
Name of project: Cool Run Site
Name if stream or feature: | Cool Run
County: Brunswick
Name of river basin: Lumber
Is project urban or rural? Rural
Name of Jurisdictional Shallotte
municipality/county:
DFIRM panel number for 1048, 1068, 1057, and 1067

Consultant name;

Axiom Environmental, Inc.

Phone number:

919-215-1693

Address:

218 Snow Avenue
Raleigh, NC 27603

FEMA Floodplain_Checklist.docx

Page 1 of 3




Design Information

Provide a general description of project (one paragraph). Include project limits on a
reference orthophotograph at a scale of 17 = 500”. (See Attached)

Summarize stream reaches or wetland areas according to their restoration priority.

(See Attached)
Example
Reach Length Priority
Example: Reach A 1000 One (Restoration)
Example: Reach B 2000 Three (Enhancement)

Floodplain Information

Is project located in a Special Flood Hazard Area (SFHA)?

o iy
Yes ®* No The lower reaches

If project is located in a SFHA, check how it was determined:
I Redelineation

I™ Detailed Study

I Limited Detail Study
™ Approximate Study
¥ Don't know

List flood zone designation:

Check if applies:
I AE Zone

C Floodway
¢ Non-Encroachment
@ None
™ A Zone
" Local Setbacks Required
" No Local Setbacks Required

If local setbacks are required, list how many feet:

Does proposed channel boundary encroach outside floodway/non-
encroachment/setbacks?

 Yes @ No

FEMA_Floodplain_Checklist.docx Page 2 of 3



Land Acquisition (Check)
I State owned (fee simple)

I” Conservation easment (Design Bid Build)

I Conservation Easement (Full Delivery Project)

Note: if the project property is state-owned, then all requirements should be addressed
to the Department of Administration, State Construction Office (attn: Herbert Neily,
(919) 807-4101)

Is community/county participating in the NFIP program?
C Yes @& No

Note: if community is not participating, then all requirements should be addressed to
NFIP (attn: State NFIP Engineer, (919) 715-8000

Name of Local Floodplain Administrator: John Shirk
Phone Number: 910-253-2046

Floodplain Requirements

This section to be filled by designer/applicant following verification with the LFPA
I” No Action

I” No Rise

I Letter of Map Revision
[~ Conditional Letter of Map Revision

LT MR AT

I~ Other Requirements

List other requirements:

Comments:

Name: W. Grant Lewis Signature: M/ M }f

Title: President Date: ?/ 6 / 2o0z|

FEMA_Floodplain_Checklist.docx Page 3 of 3
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HEC-RAS Model Report

The Cool Run Mitigation Site is a stream and wetland restoration and enhancement project located
on one unnamed tributary to Cool Run in Brunswick County, NC. The site is located in the Lumber
River Basin and the project site is not located within a FEMA study area. All cross sections of CR
(Cool Run) were modeled and analyzed in HEC-RAS Version 5.0.7.

MicroStation and GEOPAK software was used to create a proposed TIN file based on the stream
restoration design. Cross sections were extracted from the TIN file using GEOPAK software and
imported in HEC-RAS. Cross Sections were taken from select riffle locations along the stream
reach with additional sections added upstream of the project to analyze the impact of the proposed
stream restoration project on water surface elevations beyond the project boundary. Existing
ground survey data was collected by K2 Design Group, PA and supplemented with QL2 LiDAR
data.

The 10, 25, 50, and 100-year storm event discharges were calculated using USGS SIR 2009-5158.
Manning’s n values were estimated to be 0.045 within the channel and 0.15 for overbank areas for
the existing and proposed conditions (after several growing seasons). Normal depth at the
downstream section was used as the boundary condition for the storm profiles based on existing
downstream channel slope.

Results

The model was run without errors. Water surface elevations (WSEs) were compared between the
existing and proposed conditions. See the attached WSE comparison table.

Section 2017 is located at the beginning (upper limit) of the stream restoration project. WSEs
decrease for each storm event in the proposed condition. Even though the bed profile is being
raised significantly (1.8 ft), the excavation in the floodplain increases the overbank area which
offsets any potential increases in WSEs.

Section 2383 is located beyond the stream restoration project limits, but still on the Stanley
property. Minor increases in WSEs were noted with a maximum of 0.04 ft in the 50-yr event.

However, as noted above, these increases are still located on the Stanley property.

Section 2533 is located at the upstream limit of the Stanley property. WSEs for all storm events
matched exactly at this section.

Section 2733, 2933, and 3050 also show no increases to WSEs.
Conclusions
Based on the model results, hydraulic trespass will not occur upstream of the Stanley property

limits during the 10, 25, 50, and 100-year storm events as a result of the proposed stream
restoration project.
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HEC-RAS River: Cool Run Date: 10/13/2021
River Sta Profile Plan Q Total Min Ch El |W.S. Elev Project Impact
Prop. - Exist.
(cfs) (ft) (ft) (ft)

3050|100 YR Existing 499 43.8 51.35
3050{100 YR Proposed 499 43.8 51.35 0.00
3050|50 YR Existing 407 43.8 50.61
3050(50 YR Proposed 407 43.8 50.61 0.00
3050|25 YR Existing 324 43.8 49.86
305025 YR Proposed 324 43.8 49.86 0.00
3050|10 YR Existing 230 43.8 48.87
3050{10 YR Proposed 230 43.8 48.87 0.00
2933|100 YR Existing 499 42.9 50.83
2933|100 YR Proposed 499 42.9 50.83 0.00
2933|50 YR Existing 407 42.9 50.12
2933|50 YR Proposed 407 42.9 50.11 -0.01
2933|125 YR Existing 324 42.9 49.38
2933|125 YR Proposed 324 42.9 49.38 0.00
2933|10 YR Existing 230 42.9 48.44
2933|10 YR Proposed 230 42.9 48.44 0.00
2733|100 YR Existing 499 42.5 49.99
2733|100 YR Proposed 499 42.5 49.99 0.00
2733|50 YR Existing 407 42.5 49.29
2733|50 YR Proposed 407 42.5 49.28 -0.01
2733|125 YR Existing 324 42.5 48.56
2733|25 YR Proposed 324 42.5 48.56 0.00
2733|10 YR Existing 230 42.5 47.67
2733|10 YR Proposed 230 42.5 47.67 0.00
2533|100 YR Existing 499 411 49.25
2533|100 YR Proposed 499 41.1 49.25 0.00
2533|50 YR Existing 407 411 48.58
2533|50 YR Proposed 407 41.1 48.58 0.00
2533|125 YR Existing 324 411 47.89
2533|125 YR Proposed 324 41.1 47.89 0.00
2533|10 YR Existing 230 411 47.10
2533|10 YR Proposed 230 41.1 47.10 0.00
2383|100 YR Existing 499 42.1 46.70
2383|100 YR Proposed 499 42.1 46.72 0.02
2383|50 YR Existing 407 42.1 46.32
2383|50 YR Proposed 407 42.1 46.36 0.04
2383|125 YR Existing 324 42.1 46.25
2383|125 YR Proposed 324 42.1 46.27 0.02
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2383|10 YR Existing 230 42.1 46.00
2383|10 YR Proposed 230 42.1 46.01 0.01
2153|100 YR Existing 499 41.3 46.41
2153|100 YR Proposed 499 41.3 46.36 -0.05
2153|50 YR Existing 407 41.3 46.17
2153|50 YR Proposed 407 41.3 46.11 -0.06
2153|125 YR Existing 324 41.3 45.92
2153|125 YR Proposed 324 41.3 45.87 -0.05
2153|10 YR Existing 230 41.3 45.59
2153|10 YR Proposed 230 41.3 45.54 -0.05
2017|100 YR Existing 499 41 46.08
2017{100 YR Proposed 499 42.76 46.04 -0.04
2017|50 YR Existing 407 41 45.85
2017|150 YR Proposed 407 42.76 45.80 -0.05
2017|125 YR Existing 324 41 45.61
2017|125 YR Proposed 324 42.76 45.56 -0.05
2017|10YR Existing 230 41 45.30
2017|10 YR Proposed 230 42.76 45.26 -0.04
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COOL RUN MITIGATION SITE
BRUNSWICK COUNTY, NC

DRAINMOD ASSESSMENT

I. Introduction

On behalf of Clearwater Mitigation Solutions, Land Management Group (LMG) has prepared
the following DRAINMOD assessment for the Cool Run Mitigation Site (Site). The Site is
located north of Old Shallotte Rd (SR 1316), approximately 6.5 miles west of the Shallotte, NC.
The site has been historically managed for agriculture and silvicultural production since the
1950’s. Intensive site management practices (including the ditching, grading, agricultural row
cropping and conversion to loblolly pine plantation) has resulted in the loss and/or
degradation of stream and wetland functions on the site.

Site-specific soils information, current drainage conditions, and geomorphological data were
used to perform DrainMod computer modeling. DRAINMOD is a field-scale hydrologic model
originally developed for the design of subsurface drainage systems. Its application is now
widely used for the purposes of evaluating lateral drainage effects of existing ditches and
modeling for wetland restoration purposes. The model incorporates long-term climatological
data in conjunction with site-specific model inputs. For the Site, the model has been run
utilizing field-estimated conductivity rates for the specific soil series identified by licensed soil
scientists of LMG. In order to determine the drainage response relative to existing ditch size,
multiple DRAINMOD analyses were conducted utilizing various input parameters. These
models incorporated typical channel geometry observed for the drainage ditches and
channelized streams onsite.

DRAINMOD utilizes Reference Wetland Simulation (RWS) in which typical reference soil and
drainage inputs are used to determine minimum hydrology requirements satisfying Section
404 wetland jurisdictional criteria. Separate model runs are then analyzed to determine both
current drainage alterations and post-restoration conditions. More detailed information
regarding site conditions, model inputs, and results (for both pre- and post-project conditions)
are provided below.

Il. Site Conditions

The Site (approximately 25.6 acres) consists of degraded streams and riparian wetlands in the
Coastal Plain of North Carolina. These resources include Cool Run, UT 1, and adjacent existing
and drained wetlands. The western portion of the Site includes an upland buffer ranging from
100 to 200 feet in width. The floodplain and upland buffer were logged between 2016 and
2018 and are currently dominated by early successional species.



The majority of wetlands associated with the tributary of Cool Run were confirmed to consist
of the Muckalee loam series. These soils are poorly drained and formed in loamy and sandy
alluvium on floodplains of streams in the Coastal Plain. The outer edges of the floodplain
were identified to consist of Lumbee loam soils (fine-loamy soils over sands occurring along
stream terraces). Approximately 1,934 linear feet of Cool Run and 335 linear feet of UT 1
have been ditched and are currently incised 3 to 4 feet deep. Additional, shallow ditches are
also present on-site but were not used in the DRAINMOD analysis, as the incised stream
channel is the primary driver influencing groundwater hydrology within the project area.

lll. Drainage Modeling

DRAINMOD software, an approved hydrologic modeling tool (USACE, 2008), was utilized to
determine the extent of drainage throughout the site (as well as post-restoration conditions).
This software models the cumulative effects of parallel drainage features using long-term
climate data and user-supplied inputs. The user-supplied inputs allow for site-specific
drainage spacings, ditch depths, and soil conductivity rates to be modeled over long-term data
sets (i.e. 30 years). This long-term approach provides information on the hydrology of the site
in a variety of climatic conditions, which can aid in the determination of the effective lateral
drainage distance of a ditch.

The calibration process consisted of adjusting soil property inputs so that model predictions
match, as closely as possible, the measured water table fluctuations in response to measured
rainfall and calculated evapotranspiration (ET). Soil properties vary between soil series, and
from point to point within a given soil series. Calibration provides a method of determining
the field effective soil property values for each observation well. The DRAINMOD model was
calibrated separately for each transect location. The calibration of the model utilized site-
specific data for soil horizon depths and conductivity rates. Based upon soil temperature and
observed bud burst data from other mitigation sites on the Outer Coastal Plain, the growing
season for modeling purposes was assumed to be from February 1 through November 30, and
the critical period was set at 15 days (approximately 5% of the growing season). Climate data
from Wilmington, N.C. were used for modeling input based upon proximity of this weather
station to the mitigation site. Threshold settings for each different configuration were based
on the number of consecutive days necessary to meet the wetland hydrology criteria. This
criteria states that a site must exhibit water table depths within 12 inches of the surface for 15
consecutive days during the growing season. When these conditions are met for >50% of the
years during a given study, the site is considered to be jurisdictional wetlands. For the
purpose of post-project modeling, a threshold of 36 consecutive days was used to determine
if drainage alterations would result in restoration of wetland hydrology (corresponding to the
restoration goal of a minimum 12% hydroperiod).

Summary results from the different configurations are presented in Table 1. Based upon
these results, a 3- to 5-ft ditch or incised stream effectively lowers the water table for a
distance between approximately 130 ft and 300 ft in the Muckalee soils of the site. For the
Lumbee series, a 3- to 5-ft ditch/incised stream effectively lowers the water table for a lateral



distance of approximately 150 ft to 390 ft. These results are consistent with drainage
conditions observed on-site.

Based on the combination of field observations, soil borings, and DRAINMOD results
approximately 14 acres of the Site appear to have been effectively drained and are considered
suitable for wetland restoration (see Figure 6B of the Wetland Mitigation Plan). Note that the
DRAINMOD results above reflect the lateral drainage effects sufficient to remove hydrology.
Although areas beyond the identified lateral drainage effect may still maintain water table
depths sufficient to meet the wetland hydrology criteria, the lateral drainage influence exerts
hydrologic modifications beyond these distances. As a result, areas beyond the identified
lateral drainage distances that exhibit field indicators of altered hydrology may be considered
suitable for wetland enhancement via stream restoration and removal of on-site ditches.



Table 1. Results from Cool Run DRAINMOD Study

Ditch
Depth Depth to Drainage Number of Years Percentage of
Pre/Post Ditch Impermeable | Coefficient Meeting Wetland Length of Years
Well (ft) Spacing (ft) Soil Unit Layer (cm) (cm/day) Hydrology Study (years) (>50% = wet) Status
1 3.5 344 Muckalee 310 0.3 9 30 30% Drained
1.8 344 Muckalee 310 0.3 16 30 53% Restorable
2 Gauge data could not be calibrated
3 3.1 131 Muckalee 310 0.3 6 30 20% Drained
1.4 131 Muckalee 310 0.3 17 30 57% Restorable
4 5.0 394 Lumbee 310 0.3 10 30 33% Drained
1.0 394 Lumbee 310 0.3 26 30 87% Restorable
5 Well located in existing wetland
6 2.7 98 Muckalee 310 0.3 11 30 37% Drained
1.0 98 Muckalee 310 0.3 26 30 87% Restorable
7 3.5 148 Lumbee 310 0.3 0 30 0% Drained
1.0 148 Lumbee 310 0.3 17 30 57% Restorable
3 4.5 180 Lumbee 310 0.3 0 30 0% Drained
1.5 180 Lumbee 310 0.3 16 30 53% Restorable
9 3.8 131 Lumbee 310 0.3 0 30 0% Drained
1.0 131 Lumbee 310 0.3 21 30 70% Restorable
10 5.0 164 Muckalee 310 0.3 0 30 0% Drained
1.0 164 Muckalee 310 0.3 19 30 63% Restorable
11 5.0 262 Muckalee 310 0.3 0 30 0% Drained
1.0 262 Muckalee 310 0.3 19 30 63% Restorable
12 4.6 197 Muckalee 310 0.3 1 30 3% Drained
1.0 197 Muckalee 310 0.3 18 30 60% Restorable
13 3.3 131 Muckalee 310 0.3 0 30 0% Drained
1.0 131 Muckalee 310 0.3 20 30 67% Restorable
14 Well located in existing wetland
15 Well located in existing wetland
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DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #1 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

CLIMATE INPUTS
Hokkokokokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA ......cevevene C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......vvviunennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION......covveeeunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......cveveeennn (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......evvvvveunnneenns (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......cetiveeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........coevvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..t iiiiiiiiiiiiiinnnnnnnneeeeeeeeeannnns (HID) 81.00

Page 1



COOL_RUN_CAL_WELL_1.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #1 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

STMAX = .80 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =108. CM
o SR SDRAIN =10500. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTTT 7777777770707 7777777777777 777 777777771777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 6.000

61.0 - 107.0 .100

107.0 - 310.0 .900
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COOL_RUN_CAL_WELL_1.0UT

DEPTH TO DRAIN = 108.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 199.7 CM
DISTANCE BETWEEN DRAINS = 10500.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .00 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 307.7 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .00 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.10
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 4.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 108.0 108.0 108.0 108.0 108.0 108.0

DATE 7/ 1 8 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 108.0 108.0 108.0 108.0 108.0 108.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k %k k %k

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_1.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_1.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_1.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_1.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 15: 9
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 10500. cm drain depth = 108.0 cm

Page 7



COOL_RUN_CAL_WELL_1.0UT

**> Computational Statistics ¥

**> Start Computations = 909.092

**> End Computations = 909.092

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_3.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #3 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

CLIMATE INPUTS
Hokkokokokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA ......cevevene C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......vvviunennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION......covveeeunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......cveveeennn (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......evvvvveunnneenns (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......cetiveeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........coevvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..t iiiiiiiiiiiiiinnnnnnnneeeeeeeeeannnns (HID) 81.00

Page 1



COOL_RUN_CAL_WELL_3.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #3 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

STMAX = .20 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN = 95. CM
o SR SDRAIN = 4600. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 77 77777777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 4.000

61.0 - 107.0 .100

107.0 - 310.0 .100

Page 2



COOL_RUN_CAL_WELL_3.0UT

DEPTH TO DRAIN = 95.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 206.0 CM
DISTANCE BETWEEN DRAINS = 4000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .20 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 301.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .20 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 2.74
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 9.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 95.0 95.0 95.0 95.0 95.0 95.0

DATE 7/ 1 8 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 95.0 95.0 95.0 95.0 95.0 95.0

SOIL INPUTS
* 3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_3.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_3.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_3.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_3.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 14:29
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4000. cm  drain depth = 95.0 cm
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COOL_RUN_CAL_WELL_3.0UT

**> Computational Statistics ¥

**> Start Computations = 869.969

**> End Computations = 869.969

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_4.0UT

>k >k >k 3k 5k 3k 3k 3k 3k 3k >k >k %k >k 3k 5k 5k 3k 3k 5k 3k 3k >k %k %k >k 5k 5k 5k 5k 3k 3k 3k 3k >k %k >k >k 5k 5k 5k 5k 5k 3k 3k >k %k %k >k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k >k 5k 5k 3k 5k 5k 3k 3k %k %k %k %k >k 5k 5k 3k %k %k k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN

3k >k >k %k >k 5k 5k 5k 5k ok >k k

Well #4 Cool Run, LMG20.248, Lumbee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

CLIMATE INPUTS

kkkkkkk  skockskskkk

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccivvene C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......cciiiiiiiiiennnnn. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........ceovveunnn.n (TEMPID) 1
STARTING YEAR OF SIMULATION.......ccvvveunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION........ccvvunnn (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......ivviereeennnnnnn (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......civveieiennnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE.........cciviininnn. (TEMP LAT) 34.47  DEG.MIN
]y I T = (HID) 81.00
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COOL_RUN_CAL_WELL_4.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #4 Cool Run, LMG20.248, Lumbee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

STMAX = .50 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =154. CM

o SR SDRAIN =12000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTTT 7777777777077 7 77777777777 77777777777777177777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
0 - 61.0 3.000

61.0 - 120.0 .100

120.0 - 310.0 2.000
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COOL_RUN_CAL_WELL_4.0UT

DEPTH TO DRAIN = 154.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 156.0 CM
DISTANCE BETWEEN DRAINS = 12000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .50 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 310.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .50 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 4.14
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 1.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 154.0 154.0 154.0 154.0 154.0 154.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 154.0 154.0 154.0 154.0 154.0 154.0

SOIL INPUTS
* 3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_4.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_4.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_4.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_4.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 11:58
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 12000. cm drain depth = 154.0 cm
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COOL_RUN_CAL_WELL_4.0UT

**> Computational Statistics ¥

**> Start Computations = 718.953

**> End Computations = 718.954

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_6.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #6 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

CLIMATE INPUTS
Hokkokokokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA ......cevevene C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......vvviunennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION......covveeeunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......cveveeennn (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......evvvvveunnneenns (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......cetiveeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........coevvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..t iiiiiiiiiiiiiinnnnnnnneeeeeeeeeannnns (HID) 81.00
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COOL_RUN_CAL_WELL_6.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #6 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

STMAX = .50 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN = 83. CM
o SR SDRAIN = 3600. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 77 77777777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 30.0 6.000

30.0 - 61.0 .100

61.0 - 310.0 .050
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COOL_RUN_CAL_WELL_6.0UT

DEPTH TO DRAIN = 83.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 211.3 CM
DISTANCE BETWEEN DRAINS = 3000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .50 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 294.3 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .50 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 2.36
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 1.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 83.0 83.0 83.0 83.0 83.0 83.0

DATE 7/ 1 8 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 83.0 83.0 83.0 83.0 83.0 83.0

SOIL INPUTS
* 3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_6.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_6.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_6.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_6.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 15:46
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 3000. cm drain depth = 83.0 cm
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COOL_RUN_CAL_WELL_6.0UT

**> Computational Statistics ¥

**> Start Computations = 946.215

**> End Computations = 946.216

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_7.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #7 Cool Run, LMG20.248, Lumbee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021 ~12 in Fill Removed

CLIMATE INPUTS
Hokkokkokok  okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccvevene C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......cciiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........cevvveunen.n (TEMPID) 1
STARTING YEAR OF SIMULATION.......covevevennnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION........ceveunnn (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......ovvvereeennnnnnn (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......ccoveieiennnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE.........cciiiininnn. (TEMP LAT) 34.47  DEG.MIN
HEAT INDEX. ittt ttiiiiiiiiiiieeeeeeeennnnnnsnneeeeens (HID) 81.00
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COOL_RUN_CAL_WELL_7.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #7 Cool Run, LMG20.248, Lumbee Soil Unit_ 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

2

STMAX = .25 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =107. CM

o ISR SDRAIN = 4500. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 777777 7777777777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 3.000

61.0 - 95.0 .100

95.0 - 310.0 1.000
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COOL_RUN_CAL_WELL_7.0UT

DEPTH TO DRAIN = 107.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 197.2 CM
DISTANCE BETWEEN DRAINS = 4500.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .25 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 304.2 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .25 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.07
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 12.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 107.0 107.0 107.0 107.0 107.0 107.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 107.0 107.0 107.0 107.0 107.0 107.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k k %k

TABLE 1

DRAINAGE TABLE
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COOL_RUN_CAL_WELL_7.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090
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(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_7.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_7.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_7.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 12:57
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4500. cm  drain depth = 107.0 cm
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COOL_RUN_CAL_WELL_7.0UT

**> Computational Statistics ¥

**> Start Computations = 777.326

**> End Computations = 777.326

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_8.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #8 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021 ~12" Fill Removed

CLIMATE INPUTS
Hokkokkokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccivvene C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......cciiiiiiiiiennnnn. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........ceovveunnn.n (TEMPID) 1
STARTING YEAR OF SIMULATION.......ccvvveunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION........ccvvunnn (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......ovvvereeennnnnnn (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......civveieiennnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE.........cciviininnn. (TEMP LAT) 34.47  DEG.MIN
]y I T = (HID) 81.00
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COOL_RUN_CAL_WELL_8.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #8 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021 ~

STMAX = .25 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =137. CM
o ISR SDRAIN = 5500. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 777 7777777777777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 3.000

61.0 - 107.0 .100

107.0 - 310.0 1.250
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COOL_RUN_CAL_WELL_8.0UT

DEPTH TO DRAIN = 136.5 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 172.2 CM
DISTANCE BETWEEN DRAINS = 5500.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .25 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 308.7 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .25 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.77
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 2.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH  136.5 136.5 136.5 136.5 136.5 136.5

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 136.5 136.5 136.5 136.5 136.5 136.5

SOIL INPUTS
* 3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
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COOL_RUN_CAL_WELL_8.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_8.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_8.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_8.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 14:22
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 5500. cm  drain depth = 136.5 cm
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COOL_RUN_CAL_WELL_8.0UT

**> Computational Statistics ¥

**> Start Computations = 862.089

**> End Computations = 862.089

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_9.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #9 Cool Run, LMG20.248, Lumbee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021 ~9 in Fill Removed

CLIMATE INPUTS
Hokkokkokok  okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccvevene C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nhe0l6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......cciiiiiiiiiinnnnnn. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......cvvivennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION.......ccovvveunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......covveevens (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......tvvvinennnnnenns (END YEAR) 2021 YEAR
ENDING MONTH OF SIMULATION......coviteeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........covvvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. .. ettt iiiiiinnnnnnneeeeeeeeeennnnnnnnns (HID) 81.00
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COOL_RUN_CAL_WELL_9.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #9 Cool Run, LMG20.248, Lumbee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021

2

STMAX = .50 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =118. CM

o ISR SDRAIN = 4500. CM ----------- 0 -

IMPERMEABLE LAYER

[ITTTT7777 0770777777777 7 77777777777 777777777777777777777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 .500

61.0 - 107.0 .100

107.0 - 310.0 1.000
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COOL_RUN_CAL_WELL_9.0UT

DEPTH TO DRAIN = 117.5 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 188.3 CM
DISTANCE BETWEEN DRAINS = 4500.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .50 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 305.8 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .50 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.33
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 1.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH  117.5 117.5 117.5 117.5 117.5 117.5

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 117.5 117.5 117.5 117.5 117.5 117.5

SOIL INPUTS
* 3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_9.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_9.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_9.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_9.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 16:42
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4500. cm  drain depth = 117.5 cm

Page 7



COOL_RUN_CAL_WELL_9.0UT

**> Computational Statistics ¥

**> Start Computations =1002.601

**> End Computations =1002.601

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_10.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk >k ok 3k sk 3k sk 3k sk ok sk ok sk ok 3k ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk sk sk sk >k sk 3k sk 3k sk 3k sk 3k Sk ok sk ok 3k ok 3k 5k 3k sk >k sk >k sk 3k sk >k Sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

>k 3k 3k 3k 3k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k >k %k %k >k 5k 5k 5k 5k 3k 3k 3k >k %k %k %k >k 5k 5k 5k >k >k >k %k %k %k %k %k >k 5%k >k %k %k %k k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
53 ok K ok oK K ok ok Kk

Well #10 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021

CLIMATE INPUTS
Hokkokkokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccievene C:\Users\nhee16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......ivviunennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION.......covevvveunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......covveevens (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......evvvvveunnnnenns (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......cotvveeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........cccevvvvnennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..o iiiiiiiiiiiiiiinnnnnnneeeeeeeecannnns (HID) 81.00

Page 1



COOL_RUN_CAL_WELL_10.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.18 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k sk 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #10 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021

STMAX = .30 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =152. CM

o SR SDRAIN = 5000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 777 777777 7777777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 83.0 2.000

83.0 - 107.0 .100

107.0 - 310.0 1.000

Page 2



COOL_RUN_CAL_WELL_10.0UT

DEPTH TO DRAIN = 152.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 158.0 CM
DISTANCE BETWEEN DRAINS = 5000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .30 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 310.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .30 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 4.10
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 37.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 152.e 152.0 152.0 152.0 152.0 152.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 152.0 152.0 152.0 152.0 152.0 152.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k >k k

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_10.0UT

VOID VOLUME  WATER TABLE DEPTH

(CM)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORPRDNMNWUUONUOVUUOUNUINMNOOPRPROOWONOIONNOOWOLOLOVWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(M)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_10.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_10.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k %k %k 5k 5k 5k 5k 5k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_10.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk sk kR k sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kokokokockoskok skokok ok kokskokosk kokkok sk kockkokkkk  END OF INPUTS k% ok sk skook ok ok sk sk sk ok ok sk sk sk sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 11:12
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 5000. cm  drain depth = 152.0 cm
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COOL_RUN_CAL_WELL_10.0UT

**> Computational Statistics K*

**> Start Computations = 672.058

**> End Computations = 672.058

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_11.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk >k ok 3k sk 3k sk 3k sk ok sk ok sk ok 3k ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk sk sk sk >k sk 3k sk 3k sk 3k sk 3k Sk ok sk ok 3k ok 3k 5k 3k sk >k sk >k sk 3k sk >k Sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

>k 3k 3k 3k 3k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k >k %k %k >k 5k 5k 5k 5k 3k 3k 3k >k %k %k %k >k 5k 5k 5k >k >k >k %k %k %k %k %k >k 5%k >k %k %k %k k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
53 ok K ok oK K ok ok Kk

Well #11 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021

CLIMATE INPUTS
Hokkokkokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccievene C:\Users\nhee16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......ivviunennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION.......covevvveunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......covveevens (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......evvvvveunnnnenns (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......cotvveeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........cccevvvvnennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..o iiiiiiiiiiiiiiinnnnnnneeeeeeeecannnns (HID) 81.00

Page 1



COOL_RUN_CAL_WELL_11.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.18 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k sk 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #11 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to Apr 2021

STMAX = .10 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =152. CM

o SR SDRAIN = 8000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 777 777777 7777777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 83.0 5.000

83.0 - 107.0 .100

107.0 - 310.0 1.000

Page 2



COOL_RUN_CAL_WELL_11.0UT

DEPTH TO DRAIN = 152.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 158.0 CM
DISTANCE BETWEEN DRAINS = 8000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .10 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 310.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .10 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 4.10
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 15.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 152.e 152.0 152.0 152.0 152.0 152.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 152.0 152.0 152.0 152.0 152.0 152.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k >k k

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_11.0UT

VOID VOLUME  WATER TABLE DEPTH

(CM)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORPRDNMNWUUONUOVUUOUNUINMNOOPRPROOWONOIONNOOWOLOLOVWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(M)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_11.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_11.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k %k %k 5k 5k 5k 5k 5k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_11.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk sk kR k sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kokokokockoskok skokok ok kokskokosk kokkok sk kockkokkkk  END OF INPUTS k% ok sk skook ok ok sk sk sk ok ok sk sk sk sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 11:54
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 8000. cm drain depth = 152.0 cm
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COOL_RUN_CAL_WELL_11.0UT

**> Computational Statistics K*

**> Start Computations = 714.398

**> End Computations = 714.398

**> Total simulation time = .0 seconds.
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COOL_RUN_CAL_WELL_12.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk >k ok 3k sk 3k sk 3k sk ok sk ok sk ok 3k ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk sk sk sk >k sk 3k sk 3k sk 3k sk 3k Sk ok sk ok 3k ok 3k 5k 3k sk >k sk >k sk 3k sk >k Sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

>k 3k 3k 3k 3k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k >k %k %k >k 5k 5k 5k 5k 3k 3k 3k >k %k %k %k >k 5k 5k 5k >k >k >k %k %k %k %k %k >k 5%k >k %k %k %k k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
53 ok K ok oK K ok ok Kk

Well #12 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

CLIMATE INPUTS
Hokkokkokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccievene C:\Users\nhee16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......ivviunennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION.......covevvveunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......covveevens (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......evvvvveunnnnenns (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......cotvveeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........cccevvvvnennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..o iiiiiiiiiiiiiiinnnnnnneeeeeeeecannnns (HID) 81.00

Page 1



COOL_RUN_CAL_WELL_12.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.18 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k sk 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #12 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

STMAX = .80 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =141. CM

o SR SDRAIN = 6000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 777 777777 7777777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 2.000

61.0 - 107.0 .100

107.0 - 310.0 1.000

Page 2



COOL_RUN_CAL_WELL_12.0UT

DEPTH TO DRAIN = 140.5 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 168.7 CM
DISTANCE BETWEEN DRAINS = 6000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .00 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 309.2 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .00 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.86
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 13.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH  140.5 140.5 140.5 140.5 140.5 140.5

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 140.5 140.5 140.5 140.5 140.5 140.5

SOIL INPUTS
* 3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_12.0UT

VOID VOLUME  WATER TABLE DEPTH

(CM)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORPRDNMNWUUONUOVUUOUNUINMNOOPRPROOWONOIONNOOWOLOLOVWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(M)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_12.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_12.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k %k %k 5k 5k 5k 5k 5k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_12.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk sk kR k sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kokokokockoskok skokok ok kokskokosk kokkok sk kockkokkkk  END OF INPUTS k% ok sk skook ok ok sk sk sk ok ok sk sk sk sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 12:33
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 6000. cm drain depth = 140.5 cm
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COOL_RUN_CAL_WELL_12.0UT

**> Computational Statistics K*

**> Start Computations = 753.486

**> End Computations = 753.486

**> Total simulation time = .0 seconds.

Page 8



COOL_RUN_CAL_WELL_13.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk >k ok 3k sk 3k sk 3k sk ok sk ok sk ok 3k ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk sk sk sk >k sk 3k sk 3k sk 3k sk 3k Sk ok sk ok 3k ok 3k 5k 3k sk >k sk >k sk 3k sk >k Sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

>k 3k 3k 3k 3k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k 3k >k >k %k %k >k 5k 5k 5k 5k 3k 3k 3k >k %k %k %k >k 5k 5k 5k >k >k >k %k %k %k %k %k >k 5%k >k %k %k %k k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
53 ok K ok oK K ok ok Kk

Well #13 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

CLIMATE INPUTS
Hokkokkokok okokok K kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccievene C:\Users\nhee16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......ivviunennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION.......covevvveunnn. (START YEAR) 2020 YEAR
STARTING MONTH OF SIMULATION......covveevens (START MONTH) 12 MONTH
ENDING YEAR OF SIMULATION......evvvvveunnnnenns (END YEAR) 2021  YEAR
ENDING MONTH OF SIMULATION......cotvveeeernnns (END MONTH) 5 MONTH
TEMPERATURE STATION LATITUDE........cccevvvvnennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..o iiiiiiiiiiiiiiinnnnnnneeeeeeeecannnns (HID) 81.00

Page 1



COOL_RUN_CAL_WELL_13.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.18 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k sk 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #13 Cool Run, LMG20.248, Muckalee Soil Unit 2021 CAL
Onsite Rain Guage with KSUT Temp Data Dec 2020 to May 2021

STMAX = .50 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =102. CM

o SR SDRAIN = 4000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTT 7777777777777 7777777777777 777 777777 7777777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 4.000

61.0 - 107.0 .100

107.0 - 310.0 .500

Page 2



COOL_RUN_CAL_WELL_13.0UT

DEPTH TO DRAIN = 102.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 200.4 CM
DISTANCE BETWEEN DRAINS = 4000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .50 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 302.4 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .50 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 2.94
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 12.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 102.0 102.0 102.0 102.0 102.0 102.0

DATE 7/ 1 8 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 102.0 102.06 102.0 102.0 102.0 102.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k >k k

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_CAL_WELL_13.0UT

VOID VOLUME  WATER TABLE DEPTH

(CM)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORPRDNMNWUUONUOVUUOUNUINMNOOPRPROOWONOIONNOOWOLOLOVWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(M)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_CAL_WELL_13.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_CAL_WELL_13.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k %k %k 5k 5k 5k 5k 5k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_CAL_WELL_13.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk sk kR k sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kokokokockoskok skokok ok kokskokosk kokkok sk kockkokkkk  END OF INPUTS k% ok sk skook ok ok sk sk sk ok ok sk sk sk sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 13:57
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4000. cm drain depth = 102.0 cm
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COOL_RUN_CAL_WELL_13.0UT

**> Computational Statistics K*

**> Start Computations = 837.677

**> End Computations = 837.677

**> Total simulation time = .0 seconds.
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COOL_RUN_LT_WELL_1.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk 3k ok 3k sk 3k sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk 5k sk sk 3k sk 3k sk 3k sk 3k Sk 3k sk ok sk ok 3k ok sk 5k 3k sk >k Sk >k sk 3k sk >k sk ok sk ok sk 5k k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k >k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 5k 3k 3k >k %k %k %k %k 5k 5k 5k 5k >k %k >k %k %k %k %k *k >k >k >k k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (©=no, l=yes) = @

TITLE OF RUN
5 ok oK ok oK Kk ok Kk

Well #1 Cool Run, LMG20.248, Muckalee Soil Unit 2021 LT SIM
North Wilmington Long Term Weather Data 1991-2020

CLIMATE INPUTS
Hokkokokokok  kokokk kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......cevenne C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........covvvunnn.. (TEMPID) 1
STARTING YEAR OF SIMULATION......covveeeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION.........covuen (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......vvvveeeeennnnnnn (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......eititienennenn (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE.........civiiinnn. (TEMP LAT) 34.47  DEG.MIN
HEAT INDEX. . it ttiiiiiiiiiitiiiiiininnnnnneeeeeeeennnns (HID) 81.00

Page 1



COOL_RUN_LT_WELL_1.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #1 Cool Run, LMG20.248, Muckalee Soil Unit 2021 LT SIM
North Wilmington Long Term Weather Data 1991-2020

STMAX = .80 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =108. CM
o SRR SDRAIN =10500. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTTT 7777777777770 7777777777777 77777777 77777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 6.000

61.0 - 107.0 .100

107.0 - 310.0 .900
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COOL_RUN_LT_WELL_1.0UT

DEPTH TO DRAIN = 108.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 199.7 CM
DISTANCE BETWEEN DRAINS = 10500.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .00 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 307.7 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .00 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.10
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 4.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 108.0 108.0 108.0 108.0 108.0 108.0

DATE 7/ 1 8 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 108.0 108.0 108.0 108.0 108.0 108.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k >k k

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_LT_WELL_1.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoOoONOOTUVIEA WN PR

OO0 00D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORDNMNWUUONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_1.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 .0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 . 0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .21860 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_1.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k 3k >k >k %k 5k 5k 5k 5k 5k %k %k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_1.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk kR sk sk sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kok skokoskoskokoskokok ok kokskokock kokkok sk kokkokkkk  END O OF INPUTS Kk ks skok ok ok ok sk sk ok ok sk sk ok sk sk ok ok ok sk ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 15: 9
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 10500. cm drain depth = 108.0 cm
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COOL_RUN_LT_WELL_1.0UT

**> Computational Statistics K*

**> Start Computations = 909.471

**> End Computations = 909.478

**> Total simulation time = .4 seconds.
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COOL_RUN_LT WELL_1.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #1 Cool Run, LMG20.248, Muckalee Soil Unit 2021 LT SIM
North Wilmington Long Term Weather Data 1991-2020

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k sk 3k 3k Sk Sk sk sk sk sk 3k 3k 5k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k sk 3k sk 3k 3k Sk sk sk sk sk 3k 3k 5k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk sk k

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 15: 9
input file: C:\Users\nhoo16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 10500. cm drain depth = 108.0 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k VEPSion 6.1 X¥¥*kkkk

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 23.
1992 0. 34.
1993 1. 62.
1994 0. 21.
1995 2. 52.
1996 0. 23.
1997 Q. 30.
1998 1. 54.
1999 Q. 24.
2000 0. 20.
2001 0. 23.
2002 0. 25.
2003 1. 54.
2004 1. 42.
2005 0. 33.
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2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Number of Years with at least one period =

COOL_RUN_LT_WELL_1.WET

RPOOOCOROROOFRLROOOO®

Page 2

24.
27.
21.
11.
46.
20.
17.
37.
24.
44,
30.
22.
19.
23.
42.

9.

out of

30 years.



COOL_RUN_LT_WELL_3.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk 3k ok 3k sk 3k sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk 5k sk sk 3k sk 3k sk 3k sk 3k Sk 3k sk ok sk ok 3k ok sk 5k 3k sk >k Sk >k sk 3k sk >k sk ok sk ok sk 5k k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k >k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 5k 3k 3k >k %k %k %k %k 5k 5k 5k 5k >k %k >k %k %k %k %k *k >k >k >k k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (©=no, l=yes) = @

TITLE OF RUN
5 ok oK ok oK Kk ok Kk

Well #3 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

CLIMATE INPUTS
Hokkokokkk  kokokK kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......cevenne C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......cciiiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........covvvuunn.. (TEMPID) 1
STARTING YEAR OF SIMULATION......covvveeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION.........covuen (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......ivvveereennnnnnn (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......cititieeeennnn (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE..........oiiiinnn. (TEMP LAT) 34.47  DEG.MIN
HEAT INDEX. . ¢ttt nnnneeeeeeeennnns (HID) 81.00
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COOL_RUN_LT_WELL_3.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #3 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Te
North Wilmington Long Term Weather Data 1991-2020

STMAX = .20 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN = 95. CM
o SRR SDRAIN = 4000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTITT 7777777777777 7077777777777 77777777777777771777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 3.000

61.0 - 107.0 .100

107.0 - 310.0 .100
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COOL_RUN_LT_WELL_3.0UT

DEPTH TO DRAIN = 95.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 206.0 CM
DISTANCE BETWEEN DRAINS = 4000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .20 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 301.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .20 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 2.74
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 9.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 95.0 95.0 95.0 95.0 95.0 95.0

DATE 7/ 1 8 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 95.0 95.0 95.0 95.0 95.0 95.0

SOIL INPUTS
3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
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COOL_RUN_LT_WELL_3.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoOoONOOTUVIEA WN PR

OO0 00D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORDNMNWUUONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_3.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 .0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 . 0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .21860 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_3.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k 3k >k >k %k 5k 5k 5k 5k 5k %k %k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_3.0UT
9 24 10.0
9 25 3.0

12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk kR sk sk sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kok skokoskoskokoskokok ok kokskokock kokkok sk kokkokkkk  END O OF INPUTS Kk ks skok ok ok ok sk sk ok ok sk sk ok sk sk ok ok ok sk ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 14:28
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4000. cm  drain depth = 95.0 cm
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COOL_RUN_LT_WELL_3.0UT

**> Computational Statistics K*

**> Start Computations = 868.540

**> End Computations = 868.547

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_3.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #3 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k sk 3k 3k Sk Sk sk sk sk sk 3k 3k 5k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k sk 3k sk 3k 3k Sk sk sk sk sk 3k 3k 5k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk sk k

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 14:28
input file: C:\Users\nhoo16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4000. cm drain depth = 95.0 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k Vepsion 6.1 X¥¥*kkkk

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 31.
1992 0. 19.
1993 1. 36.
1994 0. 19.
1995 1. 44.
1996 0. 20.
1997 Q. 16.
1998 0. 34.
1999 0. 23.
2000 0. 16.
2001 0. 21.
2002 0. 18.
2003 1. 47.
2004 1. 41.
2005 0. 24.
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2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Number of Years with at least one period =

COOL_RUN_LT_WELL_3.WET

OO OO OFROO0OO0OOFR OO0
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24.
20.
15.

46.
18.
17.
31.
15.
39.
28.
21.
18.
23.
23.

6.

out of

30 years.



COOL_RUN_LT_WELL_4.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk 3k ok 3k sk 3k sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk 5k sk sk 3k sk 3k sk 3k sk 3k Sk 3k sk ok sk ok 3k ok sk 5k 3k sk >k Sk >k sk 3k sk >k sk ok sk ok sk 5k k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k >k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 5k 3k 3k >k %k %k %k %k 5k 5k 5k 5k >k %k >k %k %k %k %k *k >k >k >k k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (©=no, l=yes) = @

TITLE OF RUN
5 ok oK ok oK Kk ok Kk

Well #4 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

CLIMATE INPUTS
Hokkokokokk  kokokk kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......cevenne C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........covvvunnn.. (TEMPID) 1
STARTING YEAR OF SIMULATION......covveeeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION.........covunn (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......ivvveereennnnnnn (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......eititienennnnn (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE.........civiiinnn. (TEMP LAT) 34.47  DEG.MIN
HEAT INDEX. .ttt nnnneeeeeeeennnns (HID) 81.00
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COOL_RUN_LT_WELL_4.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #4 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term
North Wilmington Long Term Weather Data 1991-2020

STMAX = .50 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =154. CM

o SRR SDRAIN =12000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTTT 7777777777770 777777777777 777777777777771777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
0 - 61.0 3.000

61.0 - 120.0 .100

120.0 - 310.0 2.000
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COOL_RUN_LT_WELL_4.0UT

DEPTH TO DRAIN = 154.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 156.0 CM
DISTANCE BETWEEN DRAINS = 12000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .50 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 310.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .50 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 4.14
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 1.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 154.0 154.0 154.0 154.0 154.0 154.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 154.0 154.0 154.0 154.0 154.0 154.0

SOIL INPUTS
3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_LT_WELL_4.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoOoONOOTUVIEA WN PR

OO0 00D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORDNMNWUUONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_4.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 .0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 . 0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .21860 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_4.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k 3k >k >k %k 5k 5k 5k 5k 5k %k %k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_4.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk kR sk sk sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kok skokoskoskokoskokok ok kokskokock kokkok sk kokkokkkk  END O OF INPUTS Kk ks skok ok ok ok sk sk ok ok sk sk ok sk sk ok ok ok sk ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 12: 2
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 12000. cm drain depth = 154.0 cm
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COOL_RUN_LT_WELL_4.0UT

**> Computational Statistics K*

**> Start Computations = 722.183

**> End Computations = 722.191

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_4.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #4 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 5k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 5k 3k sk 3k 3k sk sk sk sk sk sk 3k 5k 3k 3k 3k sk Sk sk sk sk 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk k sk sk sk sk ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 12: 2
input file: C:\Users\nhoo16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 12000. cm drain depth = 154.0 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k VEPSion 6.1 X¥¥kkkk

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 33.
1992 0. 35.
1993 1. 83.
1994 0. 22.
1995 2. 53.
1996 0. 24,
1997 Q. 22.
1998 1. 55.
1999 0. 25.
2000 0. 20.
2001 0. 24.
2002 0. 19.
2003 1. 55.
2004 1. 42.
2005 0. 26.
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COOL_RUN_LT_WELL_4.WET

2006 0. 24.
2007 0. 27.
2008 0. 22.
2009 0. 10.
2010 1. 47.
2011 0. 21.
2012 0. 12.
2013 2. 48.
2014 0. 26.
2015 1. 44.
2016 1. 40.
2017 9. 23.
2018 0. 20.
2019 Q. 16.
2020 1. 43.
Number of Years with at least one period = 10. out of 30 years.
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COOL_RUN_LT_WELL_6.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk 3k ok 3k sk 3k sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk 5k sk sk 3k sk 3k sk 3k sk 3k Sk 3k sk ok sk ok 3k ok sk 5k 3k sk >k Sk >k sk 3k sk >k sk ok sk ok sk 5k k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k >k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 5k 3k 3k >k %k %k %k %k 5k 5k 5k 5k >k %k >k %k %k %k %k *k >k >k >k k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (©=no, l=yes) = @

TITLE OF RUN
5 ok oK ok oK Kk ok Kk

Well #6 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

CLIMATE INPUTS
Hokkokokkk  kokokK kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......cevenne C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......cciiiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........covvvuunn.. (TEMPID) 1
STARTING YEAR OF SIMULATION......covvveeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION.........covuen (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......ivvveereennnnnnn (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......cititieeeennnn (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE..........oiiiinnn. (TEMP LAT) 34.47  DEG.MIN
HEAT INDEX. . ¢ttt nnnneeeeeeeennnns (HID) 81.00
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COOL_RUN_LT_WELL_6.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #6 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Te
North Wilmington Long Term Weather Data 1991-2020

STMAX = .50 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN = 83. CM
o SRR SDRAIN = 3000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTITT 7777777777777 7077777777777 77777777777777771777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 30.0 6.000

30.0 - 61.0 .100

61.0 - 310.0 .050
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COOL_RUN_LT_WELL_6.0UT

DEPTH TO DRAIN = 83.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 211.3 CM
DISTANCE BETWEEN DRAINS = 3000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .50 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 294.3 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .50 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 2.36
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 1.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 83.0 83.0 83.0 83.0 83.0 83.0

DATE 7/ 1 8 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 83.0 83.0 83.0 83.0 83.0 83.0

SOIL INPUTS
3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
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COOL_RUN_LT_WELL_6.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoOoONOOTUVIEA WN PR

OO0 00D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORDNMNWUUONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_6.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 .0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 . 0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .21860 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_6.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k 3k >k >k %k 5k 5k 5k 5k 5k %k %k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_6.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk kR sk sk sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kok skokoskoskokoskokok ok kokskokock kokkok sk kokkokkkk  END O OF INPUTS Kk ks skok ok ok ok sk sk ok ok sk sk ok sk sk ok ok ok sk ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 15:46
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 3000. cm drain depth = 83.0 cm
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COOL_RUN_LT_WELL_6.0UT

**> Computational Statistics K*

**> Start Computations = 946.582

**> End Computations = 946.590

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_6.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #6 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k sk 3k 3k Sk Sk sk sk sk sk 3k 3k 5k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k sk 3k sk 3k 3k Sk sk sk sk sk 3k 3k 5k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk sk k

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 15:46
input file: C:\Users\nhoo16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 3000. cm drain depth = 83.0 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k Vepsion 6.1 X¥¥*kkkk

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 33.
1992 0. 34.
1993 1. 77.
1994 0. 20.
1995 2. 55.
1996 0. 23.
1997 Q. 30.
1998 1. 54.
1999 0. 25.
2000 0. 19.
2001 0. 24.
2002 0. 25.
2003 1. 55.
2004 1. 42.
2005 1. 37.
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COOL_RUN_LT_WELL_6.WET

2006 0. 35.
2007 0. 23,
2008 0. 21.
2009 0. 16.
2010 1. 47.
2011 0. 19.
2012 0. 34.
2013 1. 37.
2014 0. 23.
2015 1. 40.
2016 9. 30.
2017 1. 40.
2018 0. 29.
2019 Q. 26.
2020 1. 43.
Number of Years with at least one period = 11. out of 30 years.
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COOL_RUN_LT_WELL_7.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk 3k ok 3k sk 3k sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk 5k sk sk 3k sk 3k sk 3k sk 3k Sk 3k sk ok sk ok 3k ok sk 5k 3k sk >k Sk >k sk 3k sk >k sk ok sk ok sk 5k k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k >k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 5k 3k 3k >k %k %k %k %k 5k 5k 5k 5k >k %k >k %k %k %k %k *k >k >k >k k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (©=no, l=yes) = @

TITLE OF RUN
5 ok oK ok oK Kk ok Kk

Well #7 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020 ~12 in Fill Removed

CLIMATE INPUTS
Hokkokkokok  kokokK kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccivvene C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........evvvvunnn.n (TEMPID) 1
STARTING YEAR OF SIMULATION......covveeeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION.........cvvunnn (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION.....civveeereennnnnnn (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......citiveieennnns (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE.........civiiinnn. (TEMP LAT) 34.47  DEG.MIN
HEAT INDEX. .t viiiiiiiiiititiiiiinnnnnnneeeeeoennnnns (HID) 81.00

Page 1



COOL_RUN_LT_WELL_7.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #7 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term
North Wilmington Long Term Weather Data 1991-2020 ~12 in Fil

STMAX = .25 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =107. CM

o SRR SDRAIN = 4500. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTITT 7777777777777 7077777777777 77777777777777771777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 3.000

61.0 - 95.0 .100

95.0 - 310.0 1.000
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COOL_RUN_LT_WELL_7.0UT

DEPTH TO DRAIN = 107.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 197.2 CM
DISTANCE BETWEEN DRAINS = 4500.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .25 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 304.2 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .25 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.07
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 12.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 107.0 107.0 107.0 107.0 107.0 107.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 107.0 107.0 107.0 107.0 107.0 107.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k >k k

TABLE 1

DRAINAGE TABLE
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COOL_RUN_LT_WELL_7.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoOoONOOTUVIEA WN PR

OO0 00D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORDNMNWUUONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_7.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 .0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 . 0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .21860 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_7.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k 3k >k >k %k 5k 5k 5k 5k 5k %k %k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_7.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk kR sk sk sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kok skokoskoskokoskokok ok kokskokock kokkok sk kokkokkkk  END O OF INPUTS Kk ks skok ok ok ok sk sk ok ok sk sk ok sk sk ok ok ok sk ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 13:17
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4500. cm  drain depth = 107.0 cm
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COOL_RUN_LT_WELL_7.0UT

**> Computational Statistics K*

**> Start Computations = 797.735

**> End Computations = 797.743

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_7.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #7 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment

North Wilmington Long Term Weather Data 1991-2020 ~12 in Fill Removed
3k sk 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 5k 3k sk sk 3k Sk sk sk sk sk 3k 3k 3k 3k sk 3k 3k Sk sk sk sk 3k 3k 3k 3k 3k sk sk 3k sk sk sk sk kR kosk sk ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 13:17
input file: C:\Users\nhool16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4500. cm drain depth = 107.0 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k VEPSion 6.1 X¥¥kkkk

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 5.
1992 0. 6.
1993 Q. 11.
1994 0. 6.
1995 Q. 14.
1996 0. 11.
1997 Q. 3.
1998 0. 31.
1999 0. 7.
2000 0. 9.
2001 0. 9.
2002 0. 9.
2003 9. 7.
2004 0. 17.
2005 9. 19.
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COOL_RUN_LT_WELL_7.WET
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

(I
VTOONN OO U O

(Y
R 0o Ul

[EnY
Ui

OO OO OOOOOOS
N
= U

Number of Years with at least one period = 0. out of 30 years.
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COOL_RUN_LT_WELL_8.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk 3k ok 3k sk 3k sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk 5k sk sk 3k sk 3k sk 3k sk 3k Sk 3k sk ok sk ok 3k ok sk 5k 3k sk >k Sk >k sk 3k sk >k sk ok sk ok sk 5k k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k >k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 5k 3k 3k >k %k %k %k %k 5k 5k 5k 5k >k %k >k %k %k %k %k *k >k >k >k k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (©=no, l=yes) = @

TITLE OF RUN
5 ok oK ok oK Kk ok Kk

Well #8 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020 ~12 in Fill Removed

CLIMATE INPUTS
Hokkokkokok  kokokK kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccivvene C:\Users\nheel6\Desktop\Juniper Tract DRAINMOD\D
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nh@ol6\Desktop\Juniper Tract DRAINMOD\D
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER........evvvvunnn.n (TEMPID) 1
STARTING YEAR OF SIMULATION......covveeeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION.........cvvunnn (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION.....civveeereennnnnnn (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......citiveieennnns (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE.........civiiinnn. (TEMP LAT) 34.47  DEG.MIN
HEAT INDEX. .t viiiiiiiiiititiiiiinnnnnnneeeeeoennnnns (HID) 81.00
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COOL_RUN_LT_WELL_8.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #8 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term
North Wilmington Long Term Weather Data 1991-2020 ~12 in Fil

STMAX = .25 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =137. CM

o SRR SDRAIN = 5500. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTITT 7777777777777 7077777777777 77777777777777771777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 3.000

61.0 - 95.0 .100

95.0 - 310.0 1.250
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COOL_RUN_LT_WELL_8.0UT

DEPTH TO DRAIN = 136.5 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 172.2 CM
DISTANCE BETWEEN DRAINS = 5500.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .25 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 308.7 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .25 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.77
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 2.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH  136.5 136.5 136.5 136.5 136.5 136.5

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 136.5 136.5 136.5 136.5 136.5 136.5

SOIL INPUTS
3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_LT_WELL_8.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoOoONOOTUVIEA WN PR

OO0 00D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORDNMNWUUONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_8.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 .0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 . 0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .21860 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_8.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k 3k >k >k %k 5k 5k 5k 5k 5k %k %k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_8.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk kR sk sk sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kok skokoskoskokoskokok ok kokskokock kokkok sk kokkokkkk  END O OF INPUTS Kk ks skok ok ok ok sk sk ok ok sk sk ok sk sk ok ok ok sk ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 14: 8
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 5500. cm  drain depth = 136.5 cm
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COOL_RUN_LT_WELL_8.0UT

**> Computational Statistics K*

**> Start Computations = 848.512

**> End Computations = 848.520

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_8.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #8 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020 ~12 in Fill Removed

3k sk 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 5k 3k sk sk 3k Sk sk sk sk sk 3k 3k 3k 3k sk 3k 3k Sk sk sk sk 3k 3k 3k 3k 3k sk sk 3k sk sk sk sk kR kosk sk ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 14: 8
input file: C:\Users\nhool16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 5500. cm drain depth = 136.5 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k VEPSion 6.1 X¥¥kkkk

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 5
1992 0. 3
1993 Q. 7
1994 0. 6
1995 Q. 14.
1996 0. 11
1997 Q. 0
1998 0. 31
1999 0. 3
2000 0. 1
2001 0. 0
2002 0. 0
2003 9. 7
2004 0. 16
2005 9. 10

Page 1



2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Number of Years with at least one period =

COOL_RUN_LT_WELL_8.WET

OO OO OOOOOOS

Page 2
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COOL_RUN_LT_WELL_9.0UT
3k 3k 3k 3k 3k ok 3k 5k 3k sk 3k ok 3k sk 3k sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k sk 3k sk sk sk ok sk ok sk 5k sk sk 3k sk 3k sk 3k sk 3k Sk 3k sk ok sk ok 3k ok sk 5k 3k sk >k Sk >k sk 3k sk >k sk ok sk ok sk 5k k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k >k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 5k 3k 3k >k %k %k %k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 5k 3k 3k >k %k %k %k %k 5k 5k 5k 5k >k %k >k %k %k %k %k *k >k >k >k k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (©=no, l=yes) = @

TITLE OF RUN
5 ok oK ok oK Kk ok Kk

Well #9 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020 ~9 in Fill Removed

CLIMATE INPUTS
Hokkokkokok  kokokK kK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccivvene C:\Users\nhee16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......ivvinennnnn (TEMPID) 1
STARTING YEAR OF SIMULATION......covvveeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION......coeeveuennns (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......eovvvueunnneenns (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......cevvveeeernnns (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE........ccovvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..o iiiiiiiiiiiiiiinninnnneeeeeeeeeannnns (HID) 81.00
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COOL_RUN_LT_WELL_9.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk kR kok sk k

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #9 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term
North Wilmington Long Term Weather Data 1991-2020 ~9 in Fill

STMAX = .50 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =118. CM

o SRR SDRAIN = 4600. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTITT 7777777777777 7077777777777 77777777777777771777777777777177

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 .500

61.0 - 107.0 .100

107.0 - 310.0 1.000
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COOL_RUN_LT_WELL_9.0UT

DEPTH TO DRAIN = 117.5 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 187.8 CM
DISTANCE BETWEEN DRAINS = 4000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .50 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 305.3 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .50 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 3.33
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 1.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH  117.5 117.5 117.5 117.5 117.5 117.5

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 117.5 117.5 117.5 117.5 117.5 117.5

SOIL INPUTS
3k ok K ok K ok Kk

TABLE 1

DRAINAGE TABLE
Page 3



COOL_RUN_LT_WELL_9.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoOoONOOTUVIEA WN PR

OO0 00D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455.

AN NWUONUNMNORDNMNWUUONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_9.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 . 0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 .0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 .0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 . 0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .21860 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570

Page 5



COOL_RUN_LT_WELL_9.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k 3k >k >k %k 5k 5k 5k 5k 5k %k %k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_9.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k sk ok sk sk sk sk kR sk sk sk sk sk

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥x*k*x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

kok skokoskoskokoskokok ok kokskokock kokkok sk kokkokkkk  END O OF INPUTS Kk ks skok ok ok ok sk sk ok ok sk sk ok sk sk ok ok ok sk ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 16:43
input file: C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4000. cm  drain depth = 117.5 cm
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COOL_RUN_LT_WELL_9.0UT

**> Computational Statistics K*

**> Start Computations =1003. 205

**> End Computations =1003.213

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_9.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #9 Cool Run, LMG20.248, Lumbee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020 ~9 in Fill Removed

3k sk 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk 3k 3k 5k 3k sk 3k 3k sk sk sk sk 3k 3k 3k 3k 3k sk 3k 3k Sk sk sk sk 3k 3k 3k 3k 3k 3k 3k Sk sk sk sk sk sk k ko ki sk k

---------- RUN STATISTICS ---------- time: 9/ 8/2021 @ 16:43
input file: C:\Users\nhool16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 4000. cm drain depth = 117.5 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k VEPSion 6.1 X¥¥kkkk

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 5.
1992 0. 5.
1993 Q. 12.
1994 0. 7.
1995 Q. 15.
1996 0. 11.
1997 Q. 0.
1998 0. 32.
1999 0. 4.
2000 0. 6.
2001 0. 9.
2002 0. 9.
2003 9. 8.
2004 0. 17.
2005 9. 19.
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COOL_RUN_LT_WELL_9.WET

2006 0. 9.
2007 0. 11.
2008 0. 0.
2009 0. 9.
2010 9. 20.
2011 0. 5.
2012 Q. 0.
2013 0. 4.
2014 Q. 3.
2015 9. 21.
2016 9. 19.
2017 9. Q.
2018 0. 11.
2019 Q. 0.
2020 0. 21.
Number of Years with at least one period = 0. out of 30 years.
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COOL_RUN_LT_WELL_10.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #10 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

CLIMATE INPUTS
Hokkokokokok  okokokK koK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccevenne C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......civiuvrnnnnn (TEMPID) 1
STARTING YEAR OF SIMULATION......covvveeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION......cvvveeennns (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......evvvvvnunnneenns (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......ivteveernneens (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE........ccvvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..t iiiiiiiiiitiiiinnnnnnnneeeeeesecannnns (HID) 81.00
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COOL_RUN_LT_WELL_10.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #10 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long T
North Wilmington Long Term Weather Data 1991-2020

STMAX = .30 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =152. CM

o SRR SDRAIN = 5000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTTT 7777777777070 7777777777777 77777777777777177777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 83.0 2.000

83.0 - 107.0 .100

107.0 - 310.0 1.000
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COOL_RUN_LT_WELL_10.0UT

DEPTH TO DRAIN = 152.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 158.0 CM
DISTANCE BETWEEN DRAINS = 5000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .30 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 310.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .30 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 4.10
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 37.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 152.e 152.0 152.0 152.0 152.0 152.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 152.0 152.0 152.0 152.0 152.0 152.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k k %k

TABLE 1

DRAINAGE TABLE
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COOL_RUN_LT_WELL_10.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4

(CM)
50.00

VOID VOLUME

UPFLUX
(CM/HR)
.5000



COOL_RUN_LT_WELL_10.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_10.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_10.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 11:10
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 5000. cm drain depth = 152.0 cm
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COOL_RUN_LT_WELL_10.0UT

**> Computational Statistics ¥

**> Start Computations = 670.958

**> End Computations = 670.966

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_10.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #10 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

3k 3k 3k 3k 3k 3k 5k 3k 3k 3k sk sk sk sk sk sk 3k 3k sk sk 3k 3k sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk 3k 3k 5k 3k sk 3k 3k Sk sk sk sk sk 3k 3k 5k 3k 3k 3k sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk sk sk k

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 11:10
input file: C:\Users\nhoo16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 5000. cm drain depth = 152.0 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k Vepsion 6.1 %k >k %k %k %k k

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 0 4.
1992 0 0.
1993 0 6.
1994 0 6.
1995 0 5
1996 0 6
1997 0 0
1998 (4] 15.
1999 0 0.
2000 0 0
2001 0 0
2002 0 0
2003 0 7
2004 0 13
2005 0 10.
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COOL_RUN_LT_WELL_10.WET
2006 0.

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

[ [y
VI OROMONNOOOONOONW

OO OO O0OOIOOOIOOOOO
=

Number of Years with at least one period = 0. out of 30 years.
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COOL_RUN_LT_WELL_11.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #11 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

CLIMATE INPUTS
Hokkokokokok  okokokK koK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccevenne C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......civiuvrnnnnn (TEMPID) 1
STARTING YEAR OF SIMULATION......covvveeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION......cvvveeennns (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......evvvvvnunnneenns (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......ivteveernneens (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE........ccvvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..t iiiiiiiiiitiiiinnnnnnnneeeeeesecannnns (HID) 81.00
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COOL_RUN_LT_WELL_11.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #11 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long T
North Wilmington Long Term Weather Data 1991-2020

STMAX = .10 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =152. CM

o SRR SDRAIN = 8000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTTT 7777777777070 7777777777777 77777777777777177777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 83.0 5.000

83.0 - 107.0 .100

107.0 - 310.0 1.000
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COOL_RUN_LT_WELL_11.0UT

DEPTH TO DRAIN = 152.0 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 158.0 CM
DISTANCE BETWEEN DRAINS = 8000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .10 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 310.0 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM SURFACE TO IMPERMEABLE LAYER = 310.0 CM
SURFACE STORAGE THAT MUST BE FILLED BEFORE WATER
CAN MOVE TO DRAIN = .10 CM
FACTOR -G- IN KIRKHAM EQ. 2-17 = 4.10
*** SEEPAGE LOSS INPUTS ***
No seepage due to field slope
No seepage due to vertical deep seepage
No seepage due to lateral deep seepage

*** end of seepage inputs ***

WIDTH OF DITCH BOTTOM = 91.4 CM
SIDE SLOPE OF DITCH (HORIZ:VERT) = .90 : 1.00

INITIAL WATER TABLE DEPTH = 15.0 CM

DEPTH OF WEIR FROM THE SURFACE

DATE 1/ 1 2/ 1 3/ 1 4/ 1 5/ 1 6/ 1
WEIR DEPTH 152.e 152.0 152.0 152.0 152.0 152.0

DATE 7/ 1 8/ 1 9/ 1 le/ 1 11/ 1 12/ 1
WEIR DEPTH 152.0 152.0 152.0 152.0 152.0 152.0

SOIL INPUTS

3k >k >k 3k 5k 3k %k %k 3k k %k

TABLE 1

DRAINAGE TABLE
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COOL_RUN_LT_WELL_11.0UT

VOID VOLUME  WATER TABLE DEPTH

(M)
.0

VCoONOOTUVIEA WN PR

OO0 000D OOOOOO

TABLE 2

(CM

)

.0

19.
29.
37.
44,
51.
58.
65.
71.
77.
83.
89.
95.
100.
106.
111.
117.
122.
128.
133.
138.
143.
148.
153.
158.
163.
168.
173.
178.
183.
188.
211.
233.
255.
277.
322.
366.
411.
455,

AN NWUONUNMNORPRDNMNWUUOGONUOVUOUNUINMNOOPRPROOWONONNOOWOLOLOWERR

SOIL WATER CHARACTERISTIC VS VOID VOLUME VS UPFLUX

HEAD
(CM)
.0

WATER CONTENT

(CM/CM)
.5090

Page 4
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50.00

VOID VOLUME

UPFLUX
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COOL_RUN_LT_WELL_11.0UT

10.0 .4460 .32 .0387

20.0 .4199 1.08 .0093

30.0 .3938 2.10 .0038
40.0 .3786 3.34 .0020

50.0 .3680 4.73 .0013

60.0 .3574 6.16 .0008

70.0 .3485 7.75 .0006

80.0 .3424 9.38 .0004

90.0 .3362 11.06 .0003
100.0 .3300 12.86 .0002
110.0 .3265 14.67 .0002
120.0 .3230 16.47 .0001
130.0 .3195 18.38 .0001
140.0 .3160 20.30 .0000
150.0 .3125 22.21 .0000
160.0 .3090 24.26 .0000
170.0 .3055 26.31 .0000
180.0 .3020 28.37 .0000
190.0 .2985 30.42 . 0000
200.0 .2950 32.47 . 0000
210.0 .2929 34.72 . 0000
220.0 .2908 36.97 . 0000
230.0 .2887 39.22 . 0000
240.0 .2866 41.47 . 0000
250.0 .2845 43.73 . 0000
260.0 .2824 45.98 .0000
270.0 .2803 48.23 . 0000
280.0 .2782 50.48 .0000
290.0 .2761 52.73 .0000
300.0 .2740 54.98 .0000
350.0 .2680 66.24 .0000
400.0 .2620 77 .49 .0000
450.0 .2560 88.74 .0000
500.0 .2500 100.00 .0000
600.0 .2420 100.00 .0000
700.0 .2340 100.00 .0000
800.0 .2260 100.00 .0000
900.0 .2180 100.00 .0000

GREEN AMPT INFILTRATION PARAMETERS

W.T.D. A B
(CM) (CM) (CM)
.000 .000 .570
10.000 .080 .570
20.000 .120 .570
40.000 .170 .570
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COOL_RUN_LT_WELL_11.0UT

60.000 .200 .570
80.000 .220 .570
100.000 .230 .570
150.000 .410 .570
200.000 .410 .570
1000.000 .410 .570
TRAFFICABILITY

3k >k >k >k >k %k 5k 5k 5k 5k %k >k >k k

REQUIREMENTS
-MINIMUM AIR VOLUME IN SOIL (CM):
-MAXIMUM ALLOWABLE DAILY RAINFALL(CM):

-MINIMUM TIME AFTER RAIN BEFORE TILLING CAN CONTINUE:

WORKING TIMES
-DATE TO BEGIN COUNTING WORK DAYS:
-DATE TO STOP COUNTING WORK DAYS:
-FIRST WORK HOUR OF THE DAY:
-LAST WORK HOUR OF THE DAY:

CROP
*k kK

SOIL MOISTURE AT WILTING POINT = .17

HIGH WATER STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18

CROP IS IN STRESS WHEN WATER TABLE IS ABOVE

DROUGHT STRESS: BEGIN STRESS PERIOD ON 4/10
END STRESS PERIOD ON 8/18
MO DAY  ROOTING DEPTH(CM)

1 1 3.0

4 16 3.0

5 4 4.0

5 17 15.0

6 1 25.0

6 20 30.0

7 18 30.0

8 20 20.0

Page 6

FIRST
PERIOD
3.90
1.20
2.00

4/ 1
5/ 1
8

20

30.0 CM

SECOND
PERIOD
3.90
1.20
2.00

12/32
12/32
8

20



COOL_RUN_LT_WELL_11.0UT

9 24 10.0
9 25 3.0
12 31 3.0

WASTEWATER IRRIGATION

3k 3k 3k 3k 3k 3k 5k 3k ok ok sk sk sk sk sk kR sk sk sk ok

NO WASTEWATER IRRIGATION SCHEDULED:

*¥*¥*x*k%x Wetlands Parameter Estimation *****

Start Day = 32 End Day = 334
Threshold Water Table Depth (cm) = 30.5
Threshold Consecutive Days = 36

Fixed Monthly Pet Values

11.00 2 1.00 3 1.00 4 1.00 5 1.00 6 1.00 7 1.00 8 1.00
9 1.00 10 1.00 11 1.00 12 1.00

Mrank indicator = 1

okok kokskoskok skoko sk ok kokskokosk kokkok sk kokkokkkk END O OF INPUTS Kk ok sk skok ok ok sk sk sk ok sk sk sk ook sk sk ok ok ok sk ok ok ok ok ok

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 11:53
input file: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 8000. cm drain depth = 152.0 cm
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COOL_RUN_LT_WELL_11.0UT

**> Computational Statistics ¥

**> Start Computations = 713.556

**> End Computations = 713.564

**> Total simulation time = .5 seconds.
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COOL_RUN_LT WELL_11.WET
* DRAINMOD version 6.1 *
* Copyright 1980-2013 North Carolina State University *

Well #11 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

3k 3k 3k 3k 3k 3k 5k 3k 3k 3k sk sk sk sk sk sk 3k 3k sk sk 3k 3k sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk 3k 3k 5k 3k sk 3k 3k Sk sk sk sk sk 3k 3k 5k 3k 3k 3k sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk sk sk k

---------- RUN STATISTICS ---------- time: 9/ 9/2021 @ 11:53
input file: C:\Users\nhoo16\Desktop\2021 Cool Run DrainMod\I
parameters: free drainage and yields not calculated

drain spacing = 8000. cm drain depth = 152.0 cm
DRAINMOD --- WET PERIOD EVALUATION

%k %k %k %k %k %k Vepsion 6.1 %k >k %k %k %k k

Number of periods with water table closer than 30.50 cm
for at least 36 days. Counting starts on day
32 and ends on day 334 of each year

YEAR Number of Periods Longest Consecutive
of 36 days or Period in Days
more with WTD
< 30.50 cm
1991 9. 11.
1992 0. 14.
1993 Q. 15.
1994 0. 8.
1995 Q. 25.
1996 0. 14.
1997 Q. 9.
1998 Q. 32.
1999 Q. 8.
2000 0. 12.
2001 0. 2.
2002 0. 0.
2003 0. 9.
2004 0. 19.
2005 0. 20.

Page 1



2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Number of Years with at least one period =

COOL_RUN_LT_WELL_11.WET
0.

OO OO OOORFRLR OO0
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a4.
14.

14.

22.
24,

16.

22.

1.

00

out of

30 years.



COOL_RUN_LT_WELL_12.0UT
3k 3k 3k 3k 3k 5k 3k 5k 3k sk 3k ok 3k sk 3k Sk 3k sk ok sk ok sk ok sk ok 3k sk 3k sk >k Sk 3k sk sk sk ok sk ok sk sk sk sk 3k sk 3k sk 3k sk 3k sk 3k sk ok sk ok 3k ok 3k sk 3k sk >k sk >k sk 3k sk >k sk ok sk ok sk ok >k ok k sk k

DRAINMOD 6.1

Copyright 1980-2013 North Carolina State University
LAST UPDATE: April 2013
LANGUAGE FORTRAN 77/90

DRAINMOD IS A FIELD-SCALE HYDROLOGIC MODEL DEVELOPED FOR
THE DESIGN OF SUBSURFACE DRAINAGE SYSTEMS. THE MODEL WAS
DEVELOPED BY RESEARCHERS AT THE DEPT. OF BIOLOGICAL AND
AGRICULTURAL ENGINEERING, NORTH CAROLINA STATE UNIVERSITY
UNDER THE DIRECTION OF R. W. SKAGGS.

3k 3k 3k >k >k 3k 5k 5k 5k 3k 3k 3k >k >k %k %k %k 5k 5k 5k 5k 3k 3k 3k >k >k %k %k 5k 5k 5k 5k 5k 3k 3k 3k >k %k %k >k 5k 5k 5k 5k 5k 3k >k >k >k %k %k >k 5k 5k 5k 3k 5k 3k >k >k %k %k %k 5k 5k >k 5k >k %k >k >k %k %k %k *k >k >k %k %k

DATA READ FROM INPUT FILE: C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\I
Cream selector (@=no, l=yes) = @

TITLE OF RUN
K ok oK ok oK Kk ok Kk

Well #12 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long Term Assessment
North Wilmington Long Term Weather Data 1991-2020

CLIMATE INPUTS
Hokkokokokok  okokokK koK

DESCRIPTION (VARIABLE) VALUE UNIT
FILE FOR RAINDATA .......ccevenne C:\Users\nheel16\Desktop\2021 Cool Run DrainMod\W
FILE FOR TEMPERATURE/PET DATA ..C:\Users\nheel6\Desktop\2021 Cool Run DrainMod\W
RAINFALL STATION NUMBER.......ciiiiiiiiiiinnnnn.. (RAINID) 1
TEMPERATURE/PET STATION NUMBER.......civiuvrnnnnn (TEMPID) 1
STARTING YEAR OF SIMULATION......covvveeunnn. (START YEAR) 1991 YEAR
STARTING MONTH OF SIMULATION......cvvveeennns (START MONTH) 1 MONTH
ENDING YEAR OF SIMULATION......evvvvvnunnneenns (END YEAR) 2020  YEAR
ENDING MONTH OF SIMULATION......ivteveernneens (END MONTH) 12 MONTH
TEMPERATURE STATION LATITUDE........ccvvvvennn. (TEMP LAT) 34.47 DEG.MIN
HEAT INDEX. ..t iiiiiiiiiitiiiinnnnnnnneeeeeesecannnns (HID) 81.00
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COOL_RUN_LT_WELL_12.0UT
ET MULTIPLICATION FACTOR FOR EACH MONTH
2.01 2.32 2.16 1.72 1.23 1.e6 .86 .82 .92 1.05 1.22 1.44

DRAINAGE SYSTEM DESIGN

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk kR sk ki k ok

*** CONVENTIONAL DRAINAGE ***
JOB TITLE:

Well #12 Cool Run, LMG20.248, Muckalee Soil Unit 2021 Long T
North Wilmington Long Term Weather Data 1991-2020

STMAX = .80 CM SOIL SURFACE
_/) /)__
ADEPTH =310. CM DDRAIN =141. CM

o SRR SDRAIN = 6000. CM ----------- 0 -

IMPERMEABLE LAYER

LITTTTTTTT 7777777777070 7777777777777 77777777777777177777777777777

DEPTH SATURATED HYDRAULIC CONDUCTIVITY
(cM) (CM/HR)
.0 - 61.0 2.000

61.0 - 107.0 .100

107.0 - 310.0 1.000
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COOL_RUN_LT_WELL_12.0UT

DEPTH TO DRAIN = 140.5 CM
EFFECTIVE DEPTH FROM DRAIN TO IMPERMEABLE LAYER = 168.7 CM
DISTANCE BETWEEN DRAINS = 6000.0 CM

MAXIMUM DEPTH OF SURFACE PONDING = .00 CM

EFFECTIVE DEPTH TO IMPERMEABLE LAYER = 309.2 CM

DRAINAGE COEFFICIENT(AS LIMITED BY SUBSURFACE OUTLET) = .30 CM/DAY
MAXIMUM PUMPING CAPACITY (SUBIRRIGATION MODE) = 2.50 CM/DAY

ACTUAL DEPTH FROM 