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MEMORANDUN OF AGREEMENT

The Board of Trustees of the University of Arkansas, acting for and on behalf of the University of
Arkansas Cooperative Extension Service (UACES), enters a cooperativa ressarch agreement with
the Okiahoma State University Boone Pickens School of Geology (OSU) for research services

- related to Electrical Resistivity Imaging of Mantled Karst in the Buffalo River Basin, Arkansas.

Technical services associated with this agreement will be conducted under the direction of Dr.
Todd Halihan of OSU and will be in accordance with the proposal included as Exhibit A to this
agresment. As UACES lacks the equipment and experiise to perfaorm this research, OSU agrees to
provide data analysis and a final report to UACES under the terms of the proposal.

In accordance with Exhibit A, UACES agrees to pay OSU a lump sum of $27,550 upon receipt and
acceptance of the final report and receipt of a detailed invoice from OSU. Sald consideration is
inclusive of all O8U expenses for the project (Labor, Supplies and Equipment, and Travel).

As delivery of research data gathered under this project is of a timely nature, OSU agrees to report
any potential delays to UACES personnel assigned to this project Immediataly upon discovery and
coordinate with UACES personnel to determine solutions including potential amendments to this

agreement.
This agreement will become effective October 1, 2014, anci expire June 30, 2015, unless extended

by mutual written agreement.

For UACES: : For OSU:

Do Yok,
Sheryl A. Tucker
Interim VP for Research & Technology

r. Kyleen W, Prewett, Associate Director
Finance and Administration

{Name and Title) Transfer

Date: 9//(/2//(# ‘ | Date: ‘7.//@”%
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EXHIBIT A




Electrical Resistivity Imaging of Mantled Karst in the Buffalo River
Basin, Arkansas

Tedd Halihan, Professor, Boone Pickens School of Geology, Okdahoma State University

Blectrical zesistivity imaging (ERI) provides a good method to understand the distribution of fluids and rock
properties in the subsurfice envitonment especially in the presence of fractures or karst features (Bolyard,
2007, Stnith et al,, 2008, Gaty et al, 2009, Halihan et al, 2009). The tnethod allows an electrical image to be
cicated with a resolution of half the distance between electrodes, which typically provides a meter-scale
dataset that can be utilized to evaluate heterogeneity and fluid distribution. Improvements In sensitivity
genetated by the Halilan/Fenstemaker method (OSU, 2004) allow greate differentiation of these signatures
(Miller et al, in press). Ina field setting, this will result in a two-dimensional mapping of subsutface electrical

properties for each dataset,

For these experiments, the electrical imaging will be conducted on a one time basis to evaluate rock
properties, but can also be repeated on a pre- and post-infiltration basis to genetate images of changes in the
electrical propetties (Albano et al, 2010, Halihan et al, 2011). These transient datasets will allow an
understanding of changes in fiuid electrical propetties as the infiltrating fluid and associated reactions will be
the only subsutface change. The datasets will be used to interpret groundwater movement in a complex

mantled karst with applied agticultural waste,

As part of cooperative zesearch, Oldahoma State University (OSU) will design and conduct ERI imaging
expetiments and integrate ERT data with well data and other site data to provide an undetstanding of the '
subsucface distribution of flowpaths at a background and waste application study sites. Dy, Todd Halihan
and his graduate research assistant (OSU) will travel to the sites to gssist in expetimental setup of the imaging
and collecting initial data. University of Atkansas (UA) will provide 2-3 field assistants to aid in collecting
data and clearing brush as needed. Aestus, LLC will be utilized to provide 3-D) visualization of the feld data
utilizing RockWorks™, Data analysis and reporting will be performed in conjunction with research team
members at UA and Aestus, LLC. The wotk is anticipated to begin 1 October 2014 and conclude 30

September 2015,

Potential hurdles for the research ase field logistics and constraints due to site access and stream access. For
this site, data quality is anticipated to be high duve to the geologic setting lacking metallic infrastructure. The
resistivity struciure of the site will be evaluated with OSU working with UA and Aestus to ensure proper

integration of the BRI acquisition location and scale with the UA well and soil sampling protocols.




The tesults of the work will be reported to UA, and published in appropuiate journal locations. The work is

intended to be applied to understanding best management piactices for conducting land application of

agticultural waste in karstic settings.

1.0 Scope of Work

BRI data will be collected at two sites near Mount Judea, Atkansas {Figue 1). A total of 18 ERI lines ae
planned to be acquited and visualized in 3-D. Cutrent planning involves acquiring data along 10 transect
lines at the nosthern site (MJN; Site 1) (Figures 1 and 2), and 8 transect lines at the southemn site (MJS; Site 2)
(Figures 1 and 3). A dozen lines will be acquited at a ~1.5 meter resolution (3 meter electzode spacing),
providing datasets that ate ~165 meters long hocizontally with a depth of lmaging of approximately 33
meters. An additional six higher resolution transect lines ate planned at 2 ~0.5 meter resolution (1 meter
electrode spacing) to provide higher resolution imaging of pathways observed duting the acquisition of the
coatset data for each site. It is anticipated that two feld acquisition effotts will be requited to ensure propes

data acquisition and integration, The locations of lines may need to be shifted as feld conditions dictate,

relative to land access or thick vegetation,

Slte'l:
Maunt judea
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MountJudea
South (MIS)

Figure 1. Location of sites for ERI dneaging near Mosns Jridea, Arteansa,
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Figure 1. Location of BRI lites at northern (downgradions) site MIN. Seven 165 meter Jong lines illetrated. 3 additional
high rosolution Fnss (blacement not shown) will bs aeguired after avaluating initial datz.
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Figure 2. Location of ERI lines at southors (upgradient) site MJS. Pive 165 meter long hines llustrated. 3 additional bigh
sesolution finas (plavenont nat shown) wil bo aeguired after ualasing initial data




1.0.1  Assunptions for OSU
The work plan assumes the following for OSU:
1. OSU will ntilize their own resistivity instrumentation for acquisition of ERT data,
2. OSU will utilize their own GPS instrumentation for acquisition of 3-D survey data.
3. ERI data can be obtained on the sites as they are Iargely natutal settings.
4, GPS can he obtained on the sites ag they are largely cleared ficlds.
5. OSU will wotk with Aestus, LLC to visualize the data. Note that Dy Halihan has 2 managed
conflict of interest between OSU and Aestus, LLC,

1.0.2  Assumptions for UA
The work plan assumes the following for UA:
1. UA will provide 2-3 field assistants on site to assist with acquiring BRI and swrvey data,
2. UA will work with land owners to obtain legal access for the OSU -feld team and answer

questions regarding the field wodl,
3. UA will provide well data to OSU to include in the visnalization model of the site data.

2.0 Budget
The total cost for the project is $27,550. This includes $1500 for supplies and equipment maintenance, $3405
Fot travel costs, and §22,645 in labor costs. Pacilities and administrative costs of $11,487 have been waived

For this project.

2.0.1 Budget Justification
The cost of supplies and maintenance applies to both electrical resistivity instrumentation and GPS

instrumentation and associated field supplies. The travel costs inclnde cost for travel to the field site for 8
days total on two trips and a teip for data integtation to Fayetteville. Labor costs apply to a graduate research
assistant and data visualization. Ds. Halihan will veceive no salary for this project,

Facilities and administration costs have been waived For this project as the state of Atkansas funding for this

project will not support F&A costs.
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Electrical Resistivity Imaging of Mantled Karst in the
Buffalo River Basin, Arkansas
Proposal to University of Arkansas
Submitted by: Dr. Todd Halihan

SALARIES & WAGLS* YEAR 1 TOTAL
Graduate Research Assistant ,

One Position/undetermined

50% FTE for 9 months 14,796 14,796
TOTAL SALARIES & WAGES 14,796 14,796
EMPILOYEE BENEFITS*

Graduate Res, Assistant: 9.32% 1,379 1,379
TOTAL EMPLOYEE BENEFITS 1,379 1,379
TOTAL SALARIES & BENEFITS 16,175 16,175
TRAVEL** - -

Travel to Field Sites : 3,405 3,405
TOTAL TRAVEL 3,405 . 3,405
OTHER DIRECT COSTS

Matetial and Supplies and Maintenance Costs 1,500 1,500
Contractual Services 4,000 4,000
Tuition Remission 2,470 2,470
TOTAL OTHER DIRECT COSTS 7,970 7,970
TOTAL DIRECT COSTS ' 27,550 27,550
FACIL.TITES & ADMINISTRATIVE COST.

45,8% MTDC per ONR Agreement 11,487 11,487
Less O8U Conkribution (Agency doesn't allow F&A) © 11,487 11,487
TOTAL F&A COSTS 0 0
TOTAL AMOUNT REQUESTED 27,550 27,550

* A 3% increase each year is included on all salaries, wages, and employee benefits and tuition remission.

¥ Travel may be reimbursed at faderal rates, which may exceed state rates.
Computer & office supplies necessary for the success of the project. These costs are disclosed in the OSU

"Costing Practices for Sponsored Research” article 3.02, item I




MEMORANDUM OF AGREEMENT
: Between .
The Board of Trustees of the University of Arkansas, acting for and behalf of the
University of Arkansas Cooperative Extension Service
And
Oklahoma State University Boone Pickens School of Geology

Amendment 1

The purpose of this amendment is to alter the terms of the original agreement effective October 1, 2014,
for the project “Electrical Resistivity Imaging of Mantled Karst in the Buffalo River Basin, Arkansas” as

follows:
No-cost extension: The end date for the project is extended to September 30, 2015.

All other terms of the original agreement remain in effect.
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Oklahoma State University University of Arkansas
Cooperative Extension Service

i W&—-—-—‘

Sheryl A, Tucker yiéen Prewett

Interim Vice President for Research ssoc. Directop, Finance and Admin.
slelis S (KIS

Date Date *

UACES: 13954
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PURCHASE ORDER 2
f PO Number: [ PO043660 &
Blanket Number: E
UNIVERSITY OF ARKANSAS Purchasing Department Please show this number on all packages and
DIVISION OF AGRICULTURE 2301 S University Avenue . documents related to this order

Cooperative Extension Service Little Rock, Arkansas 72204-4940 Page 1

Date oorena

Vendor: 00000467 . . Ship To:
lahoma State University Mike Daniels
Aftn: Margaret Denzier--Grants/Con Uof Arkansas Coop Extn Service
202 Life Science East 2301 South University Avenue
Stillwater OK 74078 Little Rock AR 72204-4940

.. . University of Arkansas éaﬁberative Extension Scrvice, e
Invoice in Duplicate: 5 counts Payable, 2301 S University Avenue Address all correspondence to the Purchasing Department
Little Rock, Arkansas 72204-4940

PLEASE ACKNOWLEDGE RECEIPT OF THIS ORDER AND GIVE DEFINITE DELIVERY DATE

1

2.7

501/671-2001

Mike Daniels
Email: mdaniels@uaex.edu
Vendor Contact: Margaret Denzler
E-mail: Margaret.denzlerdokstate.edu

1 | MOA - Oklahoma State University Boone Pickens 27,550.00 3 1.0000 27,550.00
School of Geology (080}

Project Title: Electrical Resistivity Imaging of
Mantled Karst in the Buffalo River Basin, Arkansas
for the period 10/1/14 - &/30/15.

Award not to exceed $27,550

DISCOUNT: _ .00
ADDL CHRRGES: .00
C v EBMAEE"EDE TOTAL TAXES: .00

TERMS: Net 30 Days FOB:

PURCHASING AGENT: jo Ann Fish 501/671-2296 REQUISITION# R0037169

DELIVER BY:  09/29/14

GENERAL CONDITIONS AND INSTRUCTIONS TO VENDORS:

The right is reserved to cancel all of any part of this order if shipment is not made within a reasonable time. No charges will be allowed for packing, crating, boxing, or cartage unless
otherwise authorized. If transportation charges are te be paid by State agency,; shipment is to be made by ihe cheapsst means, unless ctherwise specified. Do not insure an Agency
expense unless instructed to do so. Unless otherwide specified, transpertation charges must be prepaid and a copy of freight bill attached to any invoice on which charges for same are in
addition to those for goods. Terms and method of payment must be shown on all invoices. When invoices subject to cash discounts are not mailed on date of shipment, discount pericd wil
be calculated from date inveice is received at the proper office. All material is subject 1o inspection and approval of buyer, notwithstanding prior payments to obtain cash diseounts. Seller
must pay all transportation charges both ways on rejected material, Acceptance of this order constilutes an agreement.

We can now send your purchase orders by e-mail. If you would prefer
this method of delivery, send an e-mail to purchasing@uaex.edu.
Indicate in the body of the e-mail your company name, address and the
e-mail address to receive the purchase orders.

L4 };}' /
. Agency Purchasing Official
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10235298
Oklahoma State University
Attn Grants and Contracts 16-NOV-15

Stillwatexr, OK 74076
AHOGAN

13954 7300 729490 5080022000 PS EL Pl 13 512465 26,682.19

MOA - Oklahoma State University Boone Pickens

0043660 16-NOV-15 ~ 30-0CT-15 1-557305-00% 26,682.19
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ficliious, or fraudulent informatton, ar the emisdon of any matarial fact, may subject me to criminal, civil
ar administrative penailles for fraud, false stataments, falsa claims or atherwise. (LLS, Code Title 18,
Section 1001 and Title 3%, Sections 3728-3730 and 3801-3812
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INVOICE
OKLAHOMA STATE UNIVERSITY Original
Fed ID# 73-6017987-E2
08U Account Number: Invoice Number
1-557305 1-557305 - 001
&ﬁx Period of Award: OSU 1D Number
10142014 to 09/30/2015 10001
Agency Award:
Okdahoma State University P0043660
Award Amount: Ej Partial
$27,550.00
TO: University of AR Cooperative Extension Service| |Principal Investigator: - Final
ATTN: Mike Daniels Todd Halihan
2301 South University Avenue Award Title:
Little Rock, Arkansas 72204-4840 Electrical Resistivitiy Imaging of Mantled Karst in Buffalo River Basin
Invoice Period: 10/14/2014 to 09/30/2015
DESCRIPTION GURRENT COSTS CUMULATIVE COSTS CURRENT CQST SHARE QSU COST SHARE
SALARIES & WAGES 12,345.86 12,345.86
EMPLOYEE BENEFITS 1,131.60 1,131.60
SUPPLIES, MATERIALS, ETC. 2,751.07 275107
TRAVEL: IN STATE 344.60 344,60
OUT OF STATE 2,224.31 222431
CUT OF COUNTRY
OTHER:
Fed-x, UPS-Pr Mait 26.61 26.61
Testing Laboratories 930.00 930.00
Other Equipment Rental 67297 672.97
Contractual Services 4,210.45 421045
RECHY [l
h 1 & v ik
SUBCONTRAGTS: HOV 02 2015
LESS THAN $25,000 orrrle o
GREATER THAN $25,000 SPOMSORED| PROGRAMS
EQUIPMENT:
PARTICIPANT COSTS:
GRA TUITION-SPONS AG 2,044.72 2,044.72
TOTAL DIRECT COSTS 26,682.19 26,682.19
F&A COSTS
TOTAL COSTS 26,682.19 26,682.19
e _ _ _ CURRENT AMOUNT DUE $28,682.19
By signing this report, | cerlify to the best of my knowlsdge and belief that the seport is Yrue, compléte,
d to, and ty ditures, dish ts and cash recalpts are for th and
Sl set forn I th tems and ondifons of te Foceral award. 1 am awr that any fles, UNPAID INVOICES ($0.00)

PLEASE SEND THE REMITTANCE COPY OF THIS
INVOICE ALONG WITH PAYMENT TO:

Oklahoma State University

10/30/2015 Grants & Confracts Financial Admin.
Beth A, Peneaux, CFE Date P.0O. Box 645
Accountant [t Stillwater, OK 74076
(405) 744-8245
beth.pensaux@okstate adu To pay by VISA or MASTERCARD call (405) 744-8239
2 -
YYD
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