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Abstract

There is a lack of information on how the U.S. oil and gas industry handles investment risk when valuing mineral rights. One of the more
useful sources of information is the Annual Survey collected by the Society of Professional Evaluation Engineers' (SPEE) which asks industry
experts to share their opinion concerning Reserve Adjustment Factors (RAF) and Risk Adjusted Discount Rates (RADR) for different reserve
categories. But little has been done to observe direct market evidence of RAFs or RADRS. This research aims to address this shortfall.

This investigation gathered information on the sale of mineral rights in a region of Oklahoma and then conducted discounted cash flows to
establish the un-risked fair market value (FMV) of the mineral rights at the date they were transacted. The un-risked FMV's are compared to
the actual sale price. The difference between the two is indicative of the industries perspective on investment risk.

As would be expected, we observe progressive de-risking over the life cycle of mineral rights. Large risk adjustments are applied prior to initial
drilling when reserves would be categorized as Possible or Probable. Then smaller risk adjustments are applied as exploratory wells are drilled
and reserves become Proved-Undeveloped. Once a production unit is fully drilled-out there is almost no risk adjustment, and an industry
standard 10% discount rate for Proved Developed Producing (PDP) reserves is applied.

Our findings serve to strengthen commonly accepted RAF and RADR with direct market evidence. It also serves as an example of how oil and
gas evaluators can approach RAFs and RADRSs in a way that is more consistent with the real-property appraisal. We encourage oil and gas
evaluators to continue this type of research and seek market driven risk adjustments and discount rates when estimating FMVs.



Summary
Mineral rights values have a life-cycle —increase as they are drilled/proved/de-risked and decrease as they are depleted

Investment risk can be accounted for with a Reserve Adjustment Factor (RAF) or Reserve Adjusted Discount Rate (RADR), these change
depending on the reserve category

The best data we have had available for what RAFs or RADRSs industry participants apply is the annual SPEE survey

This study shows market-based evidence of RAFs and RADRs and provides an example which is more in line with real-property appraisal
methods for Fair Market Valuations

Need more research! Additional efforts could focus on how RAF and RADR might change by play type, basin, operator, or interest type
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* Map (right) showing extent and maturity

windows of the Woodford Formation

* Case study focused on the SCOOP play of the

Anadarko Basin where the Woodford Formation
is the primary target

* Region is optimal for this research due to the

large number of mineral deeds transacted over a
long period (10+ years) and at different stages of
oil and gas development
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Mineral deed sales within the seven sections of the study area:
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Mineral deed sales within the seven sections of the study area:
Key Take Away:
e There s a life-cycle to mineral rights values

$20,000 . :
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How is Investment Risk Applied?

 Aninvestment is typically analyzed with a discounted cash flow (economic model that considers the time
value of money)

* Example: A five-year cash flow with an initial investment of $500,000 and a risk-free 10% discount rate:

Year NOI PV 10
0 -500,000 -500,000
1 1,000,000 $909,091
2 800,000 $661,157
3 500,000 $375,657
4 300,000 $204,904
5 100,000 $62,092
Total T T rPATD —] Risk-Free Net Present Value (NPV)

* To account for risk, we can apply a Reserve Adjustment Factor (RAF) or a Risk Adjusted
Discount Rate (RADR) to our cash flow



How do we Apply Investment Risk?

* Reserve Adjustment Factor (RAF) Method
* Applied to the NPV of discounted cashflows

* Example: At a 10% risk-free discount rate a cash-flow has an NPV of 51,712,902
«  80% RAF = 51,712,902 x 0.80 = 51,370,322
«  50% RAF = 51,712,902 x 0.50 = 5856,451
e 20% RAF = 51,712,902 x 0.20 = $342,581

* Risk Adjusted Discount Rate (RADR) Method

The rate obtained by adding a risk premium to the risk-free rate

 Example:

Year NOI PV 10 PV 20 PV 30
0 -500,000 -500,000 -500,000 -500,000
1 1,000,000 $909,091 $833,333 $769,231
2 800,000 $661,157 $555,556 $473,373
3 500,000 $375,657 $289,352 $227,583
4 300,000 $204,904 $144,676 $105,038
5 100,000 $62,092 $40,188 $26,933

Total 2,200,000 1,712,902 1,363,104 1,102,158



The Resources Classification System

* Investment risk is best thought within the
framework of the SPE resource classification

SyStem PRDDUCTIGN PROJECT STATUS
é On Production
* For continuous, unconventional reservoirs, g RESERVES
there tends to be a relationship between 3 I Under Development
distance from producing wells and the risk N PROVED | ohs
Category FPROBABLE FQEISL;LE Planned for Developrant

SPE, 2018

* For mineral buyers, a clear pathway to
development is one of the largest risks
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Existing Tools
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Mineral deed sales within the seven sections of the study area:
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What About Market Indicators? e

Document stamping fee used to KO ALL MEN B THES PRESERTS
That, _n married man dealing in his sole and separate property I11'-

* For Fair Marke i
t ValuatlonS(FMVS) CalCUIate Sale prlce (SO-75/S500) _Brnh.m,Tem'i"TSJS. hereinafier called Grantor, {whether one or more) for
EX.' 590 fee - 560 000 Sale and in consideration of the sum of ONE HUNDRED AND MORE Dollars (3100.00) cash in hand

interviews and surveys are great...
paid and other good and valuable considerations, the receipt of which is hereby acknowledged.

bUt ShOUId be Su pportEd by ma rket Qdu{u} herchy grant, bargain, sell, convey, iransfer, assign and deliver unto
evi d ence ( m | nera I d e ed S) 1.1..C., an Oklahoma Limited Liability Company of [ Tl o< civ. ox 73100,

hercinafter called Graniee (whether one or more) an undivided 10,0000 net acre interest in and to all
of the oil, gas and ather minerals in and under that may be produced from the following described

Property description and of net- Jands sitaated in Stephens County, State of Oklahoma, to-wit
. e Exhibit “A" 15 a
mineral-acres (NMA). == see kit hed hereto and inade

Ty
MINERAL DEED 0193
pre s LAMIATETES Book 4535 Pgo 183
“Appeswed Foars Rorvined. 0SOR2013 125 pm Pg 01680194
FEE' E.L"OU Do 58000
> oty gr;m ang County Clerk

containing 110,00 acres, more or less, together with the right of ingress and egress ai all times for the purpose of

* Example to right is of a Mineral Ex: 10 NMA in Section 24 2N 4W, G e et wi o i rense o s34 o o O

property and improvements.

Deed that indicates ad Sale Value Of StEphenS County, OK Natwithstomding, it i th speclfle incens of his instrument to comrey a 10.0000 Rat cre interes i she above described -

property 1o the Girantes Including any and all reversicsary, secrelion #c riparian rights. Seid Grantee, fo receive all bomuses,

fents, ryallies, production piyments, or monses of any nature accrued in the past or fisture. 11 i3 further undersiond that this
6 OOO N IVI comveyanie |5 o transfer of production payments and puoled wereage benefils Lo the Grantee, This ingtrament shall permit the
) Grantee to sigm all papsrs a5 the Grantar's Atarmey-In-Fact for the above captaoned tract of land.

This sali is made sehject 10 any rights pow xisting 1o any lessce o assigns under any valid and subsisting oil and gas
lese of record hereindore executed: it being understood and sgreed thes said Grantee shadl have, receive and enjoy the herein
gromicd andivided interesis in end to all bonuses, rents., royaliies, and ather benefits wiich may acerue under the terms of said
Iease (ol as il covers the sbove described land, precisely as |f the Grantee hereis had been at the date of the making of said
Jease the wwner of p similar endivided sterest i and 1o the land described and Grantee ong of the |essars theren.

Citsmior Rgrees o execute sueh furiher assurances as may be requisite for the fell and somplete enjoyment of the rights
herein pranted and likewiss agrees thal Grantee berein shall have the right ot sy time to redeers for said Grantor by payment,
fery EaripEge, taxes, or other liens on the sbone deseribed land, upen default in payment by Grantor and bs subrogzied t the
rights af the baolder therenf.

T HAVE ANT TO HOLD the abswe described propery and sasement with 81l and singular the rights, privilzges, and
appustenances thereunit of 0 any wise belomging 10 the said Grantee berein s heirs, soccessars, reprosenialves,
ailiin|strators, executars, and assigns for ever, and Grantor(s) does) herehy warram sald tiile to Grante: it hiirs, execulies,
adrmiini s, personal repe iwes, successors and assigns forever and dolssh hersby agnee 10 defend all and sngular the
swid property unéa sid Granles hercin [s beirs, successors, execators, persanal representatives, and assigns agalnst every person
whomewver claiming or 10 claim mzmmw thereal.

-

of Wharch, 2013,

Date
Ex: May 2013

State af Tﬁmq

i
. 1 88, TNDAVIDLUAL ACKHNOWLEDGEMENT
Caunty of i 6-[-‘
Blefore me, the und,  n Motesy Public & snd for said Cownly asd S1ate on tis 2 i Sy of March, 1013, periomalty
v, in ki K

speeoned Charles ¥, LaMarr & sarried man dealing in bis sole and segarnte progerty, ke 1o mo 1o be the idenical persoa(sh wha
enecuted the within and fospring imstrement and ackrawledgsd 1o me tha: he exscuied the same w his Bee and volintary sel ind desd for e
s anel puspeses: therels sei farh.

Given urdes my bamd asd seal of sdfice the day ard ver |ast whitien atove

Pty Commikrion Expoes gI 1H f Mocary Public
i "
t

Afer recerding, pleass forward this origingl recorded decemaml ts:




Mineral deed sales within the seven sections of the study area:

$20,000 5140
First well drilled .
$18,000 August 2013
5120
516,000 5 additional wells
drilled March 2016
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Assumptions for May 2013 Discounted Cash Flow: In May 2013 there were several nearby sections producing from 1-mile horizontal Woodford wells.
Development expectations were that each section would initially have one well to hold leases,
° . 0,
Royalty: 3/16 (18.75%) then an additional five wells could be drilled in the future.

* Unit Size: 640 acres (1-section) e — — — l I
O - .
oo . ' - Study area with horizontal
. . 28 27 26 +25
Oil Price: $90/BBL (actual price averaged $115.42) } wells producing in May 2013
* Gas Price: S4/MCF (actual price averaged $4.02) ° et L AR RN P
- ¢ » L ® e s s s sle s sl
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. . s 3 " 2 14 6 | *5e o, UJ, .
* Risk-Free Discount Rate: 10% MR ! e ole o e
. . © o|* ° +|e
e July 2013 Woodford Type Curve: - : T
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U 3 s ® » o o0 N
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| NUwW “ o, » 2N|3W
'% i e 21 24 197 20 21
' b ' ‘xt W .y .
o 1 e I oy o . ¢
e I| - b 40 . &
* Results in an un-risked NPV of $22,000/NMA

* Asale of $6,000/NMA implies a 27% RAF or a 41% RADR

Time



Risk-Free value of
——__ $22,000/NMA
5140
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First well drille .
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Mineral deed sales within the seven sections of the study area:

520,000 $140
First well drilled .
$18,000 August 2013
5120
516,000 5 additional wells
drilled March 2016
$14,000 . — »100
What RAFs are implied with
June 2015 sales ranging from
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Assumptions for June 2015 Discounted Cash Flow:

Royalty: 3/16 (18.75%)

Unit Size: 1,280 acres (2-sections) for subsequent
wells

Oil Price: $60/BBL (actual price averaged $59.47)
Gas Price: $4/MCF (actual price averaged $3.43)
State Severance Tax: 7%

Development: PDP value from an existing 2013 well
and PUD value from an additional five wells.
Additional wells assumed to be two-mile horizontals
cand completed in one year

Risk-Free Discount Rate: 10%
June 2015 Woodford Type Curve:

ﬁb

ssssases:

By June 2015 development had pivoted towards two-mile, horizontal wells and denser spacing.

Commodity prices had significantly dropped.
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* Results in an un-risked NPV of $22,000/NMA

* $5,000/NMA associated with PDP value of an existing well
* Sales of $14,000/NMA to $19,000/NMA implies a 53% — 82% RAF

or 15% to 30% RADR for the PUD value

N 2“ﬁ_



Risk-Free value of
——— $22,000/NMA

520,000 $140
First well drilled
$18,000 August 2013
What RAF is implied with a 5120
$16,000 June 2015 $15,000/NMA sale?
A 100% RAF for the PDP value
514,000 . 5100
A 58% RAF for the PUD value
(Or a 10% discount rate for
< $12,000 PDP value and a 26% RADR for N
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the PUD value) (93]
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Mineral deed sales within the seven sections of the study area:

$20,000 5140
First well drilled .
A t2013
518,000 ugus What RAF is implied with January
2019 $18,000/NMA sale? §120
516,000 5 additional wells
drilled March 2016
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Assumptions for January 2019 Discounted Cash Flow:

* Royalty: 3/16 (18.75%) _ , o _ ,
By January 2019, units had been fully drilled out with six horizontal wells per section.
* Unit Size: 640 acres for initial well and 1,280 acres (for Commodlty prlces had not changed very much

five subsequent wells —L == ——
Study area with horizontal wells |}
 Qil Price: $60/BBL (actual price averaged $62.45) I producing by January 2019 ]
* Gas Price: $4/MCF (actual price averaged $3.27) T TR B LT P
_ Il . . ° +| 8 o
+ State Severance Tax: 7% T R - R . .34:
* Risk-Free Discount Rate: 10% R 8 o o3 e ge o
* Forecasted production from existing wells: M . : :3.'
4 ” T e #|eo » o
‘ Es—=———— -'-é-'q' ‘ g % 1 b ol Sy ‘: :
: 9 l o} [ : 74 "‘ 24 22
E | "] B |
i = i o = o o
1 )
B e Results in an un-risked NPV of $18,000/NMA
| S== * Asale of $18,000/NMA implies a 100% RAF or a 10% discount rate




Mineral deed sales within the seven sections of the study area:

520,000 $140
First well drilled .
$18,000 August 2013 What RAF is implied with January
2019 $18,000/NMA sale?
5120
A 100% RAF
516,000 5 additional wells
drilled March 2016 (Or a 10% discount rate)
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Conclusions: RAF

520,000 $140
First well drilled . 100% RAF
$18,000 August 2013
$120
516,000 5 additional wells
drilled March 2016
$14,000 . >100
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100% RAF
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Key Take Away:
$4,000 * RAFsincrease over time
* Sharp changes after wells are drilled
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* 100% RAF for Proved Developed Producing
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Conclusions: RADR

$20,000 $140
First well drilled . 10% RADR
$18,000 August 2013 r:;?
$120
516,000 5 additional wells
drilled March 2016
$14,000 » $100
26% RADR
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E S80S~
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Undeveloped Undeveloped Producing 460
32% RADR 10% RADR
$6,000 $40
[ 41% RADR | Key Take Away:
$4,000 * RADR decrease over time
52% RADR * Sharp changes after wells are drilled
»  30% — 60% RADR for Possible and Probable Undeveloped 520
$2,000 e 15%—30% RADR for Proved Undeveloped
* 10% RADR for Proved Developed Producing
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Summary

* Mineral rights values have a life-cycle — increase as they are drilled/proved/de-risked and
decrease as they are depleted

* Investment risk can be accounted for with a Reserve Adjustment Factor (RAF) or Reserve Adjusted
Discount Rate (RADR), these change depending on the reserve category

* The best data we have had available for what RAFs or RADRs industry participants apply is the
annual SPEE survey

* This study shows market-based evidence of RAFs and RADRs and provides an example which is
more in line with real-property appraisal methods for Fair Market Valuations

* Need more research! Additional efforts could focus on how RAF and RADR might change by play
type, basin, operator, or interest type



Thank youl!

* Tatiana Sazonova, Geologist - Program Lead for Indian Mineral Valuations
* Brett Brown, MAI - Regional Supervisory Appraiser for Oklahoma

* The Division of Minerals Evaluation Team

AVSC

APPRAISAL AND VALUATION SERVICES OFFICE




	N. D. Kernan AAPG-RMS 2022.pdf
	Market Evidence of Reserve Adjustment Factors and Risk Adjusted Discount Rates in a North American Unconventional Play
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25


