Quantitative Monitoring in Oil and Gas
Reclamation: What can it do for you?
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Challenges for Resioraiion in Colorzclo
Active, and Permitted Oil & Gas Wells
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Challenges for Resioraiion in wes

» Dispersed energy development ke
I we g o BOGCE taté;c_g.ué[ gZOJ;wp/] ¢
— 1-16 well pads per 640 acres | ) el oA R il 5T
— Numbers of new wells/yr AT aa S N g

— Linear disturbances of roads and
pipelines
— Repeat disturbance
e Arid and Semi-arid climate
» Weeds

e Remoteness
— 50-100 miles from nearest towns
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Impacts of natural gas
development on mule dee
habitat -

= Direct loss of habitat throt
surface disturbances

Indirect loss of habitat use
due to increased hums
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Impacis of Natural Gas Develoornent orn YWildlife
| & b om ~t - ~
rlaoitai: Bircls
m Bird response to roads for natural 2
gas development 18 |
= Ingelfinger, F., and S. Anderson. 18 u <100m
2004. Passerine response to roads *§1'4 I 100
associated with natural gas i
extraction in a sagebrush steppe 2
habitat. Western North American A
Naturalist 64:385-395. = 0.6
= Jonah Field and Pinedale Project 3 - I
Area 0'2 N
[=] DenS|ty Of SagebFUSh Obllgates Sagebrush  Brewer's Sage Horned Lark
Obligates sparrow  Sparrows

(especially Brewer’s and Sage
Sparrows) reduced 39-60% within

. Mean point counts for various bird species within or beyond 100m from
a ] O O m b u ffe rF aroun d d Irt ro ad S dirt roads in natural gas developments in southwestern Wyoming. *
b i} indicates p < 0.05, ** indicates p < 0.01, *** indicates p < 0.001 (Error bars are
with low traffic volumes (< 700 +-18D). Data fom ECER R

vehicles per day)
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. International Energy Agency “Golden
Rules” to usher in “Golden Era of
Natural Gas”

level of environmental performance and
public acceptance that can maintain or earn
the industry a “social license to operate

. “Reclamation and rehabilitation of oil
and gas exploration and production
activities is a key part of the process of
ensuring continued access to oil and ‘ P Tw,

A . UINTA BASIN HOOKLESS CACTUS,
natural gas resources in the United http://www.cnhp.colostate.edu
States.”

-Comprehensive Reclamation
Strategy for Oil & Gas Exploration and
Production Operations by Heather N.
Smith, University of Denver, Capstone
Project for Master of Applied Science,
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concerns

with UTEC

By C. PATRICK CLEARY
The Dadly Sentine!

Explaining who runs the show at
Grand Junction's technical educa.
tion campus will not be hard to do, a
Grand Junction legislator savs.

“The governance issue, | think, is
not a major concern,” said state Rep.
Matt Smith. The Grand Junction
Republican and former alumni asso-
ciation president will introduce a
bill to try and resolve the
Legizlature's concern about owner-
ship. operation and funding for the
Tilman Bishop Unified Technical
Education Campus.

The Capital Development Com-
mittee this fall agreed to push for
$2.4 million in equipment money as
long as the campus agrees formally
to go through channels with futuee
requests. The committee  also
required the campus to spell out in
detail who governs the institution,

The technical education campus
is a joint project put together by
Mesa State College, School District
51 and the business community,

Smith said its success in the
changing role of education and the
workforee is coveted by many inter-
ests in the state,

“Right now, it is one of the most
dynamic institutions in the state”
Smith said. The changing needs of
the workforce will require more stu-
dents obtaining the broad range of
technical skills provided at UTEC,
he said,

Smith said he will point out that
the cost of student education for the
Jobs at UTEC is one of the lowest in
the state. The basic concept of
Smith’s bill is directed toward the
campus’ curriculum.

“The core curriculum is approved
by the community colleges board,”
Smith said about the ultimate deci-
sion about what happens on campus.

That happens, though, after a
series of other boards peruse the
request, There are thiee boards that
govern the campus. Mesa State Col
lege, School District 51 and the cam-
pus’ own Beard of Cooperative Edu.
cation Services would all have to
agree to the curriculum concept
before it is submitted to the commu-
nity colleges board. Smith said

The curriculum reguest also
would be submitted to Mesa's gov-
eming board as an information item
only, he said,

The same scenario is spelled out
for review of the 524 million request
and any future requests, Smith said

Well-site reclamation failin
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CHRISTOPHER TOMLINSON, The Daity Sentine!
Garfield County has come under the
scrutiny of the Colorado 0il & Gas Commission which Tuesday said that most of the wel sites are well below reclamation
standards. L

Only 4 of 21 west-Garfield
locations halfway acceptable

By HEATHER McGREGOR
The Daly Setine!

DENVER — A state government
survey analyzing reclamation suc-
cess at 21 producing gas wells in
western Garfield County gives the
industry a failing grade.

Just four of the 21 well sites wers
found to be at least halfway to an
acceptable level of reclamation,
according to the Colorado Oil & Gas
Conservation Commission.

Loren Avis of the Oil & Gas Com-
mission staff visited well sites on
private land on Parachute, Porcu-
pine and Divide creeks and in Shar-
rard Park in November.,

He used a measure established
earlier by the US. Bureau of Land
Management in a wider survey of
wells on federal land. Key indicators
are growth of desirable plants,
weeds, erosion, size, oil staining of
soil and condition of access roads.

The wells are owned by Barrett
Resources Inc., Tom Brown Inc.,
Vessels Energy Co., and Bonneville
Fuels Co. They averaged 2.4 acres of
disturbed area, and half that area
was to be reclaimed for the 30 to 40
years that the well is expected to
produce gas.

A pair of Barrett wells on Para-
chute and Porcupine creeks were
found to have been successfully
reclaimed. Two other Barrett wells
on Unoeal Corp. property on Para-
chute Creek were found to have been

about halfway successful,

The remaining 17 well: had no
successful reclamation, or just a
small fraction of success, according
to the survey. The survey was
prompted by industry requests for
increased well density.

“As the commission addresses
density applications, it becomes
¢ven more critical that industry
work to achieve successful well-site
reclamation to provide better stew-
ardship of the land, and to avoid the
negative perceptions that are being
created,” wrote Rich Griebling, Oil
& Gas Commission director, in a
follow-up memo to operators.

Griebling said the state's existing
rules governing reclamation are
adequate, and instead called for vol-
untary compliance by industry with
four recommendations made by
Avis in his analysis of survey
results.

To remedy the reclamation prob-
lems, the Oil & Gas Commission rec-
ommends that well operators:

u Immediately seed disturbed
soil and soil stockpiles to prevent the
spread of woeds.

| Move drill pads to cut back on
slope cuts needed to create a.level
drilling platform. 4

® Fence well sites for at least
three years to keep cattle out and
glve new vegetation a good start

Higher well density request
approved by commission

By HEATHER McGREGOR
The Daly Sestinel

DENVER — The Colorado Oil &
Gas Conservation Commission
approved a gas company’s request
Tuesday for increased well density
in La Plata County, foreshadowing
debate today over a similar request
for more drilling in Garfield County.

La Plata County Ce issi

seven-member 0il & Gas Commis-
sion to put off its decision on the
request by JM. Huber Corp. He
wanted the agency to first deal with

the cumulative impacts of drilling ~

and the rights of surface owners to
influence drilling plans,

Josh  Joswick = asked the

Se2 DRILLING, paga 28 =




‘GarCo:
Gas rules
not tough
enough

County ¢ ssails state
o in fight with Antero
| over two projects

Dy Al el 2

Garfhekd County has tokl the Colorado
Ol ard Gas Conservation Commission
in & legal Aling that its niew rubes “fadl
antirely” to mddress cumulathe effects
on the public of increasing the density
of naturnl gas development.

The county lays out a ltany of areas
where it says the Fules come ap short In
sddressing not just disturbances and
nulsances but also the ~increased risk
of secidents thaf result in exposures
and other contamination™ when the
denaity of development incrses

“No mpeney ncluding the COGOC,
can guarantes the Garfleld County
rrabdents that exposures ool and gas
emniaatong will not pasdiees ilness or
labent @ffects, Including death,” the
oounty aabd

It cited the cases of thres peopds

Chris Mobaldi, Verna Wilson and on
ergy Industry worker José Lara — who
el after suffering from what Gy sabd
were drilling related maladies in the
ooty

See GAS.page A D>

The Dally Sentingd & Monday, January 17, 2011

TA

GAS: County says rewritten rules deficient

> Contmyed from Page Due

The county makes s case
In a document challenging ap
plications by Anterc Resources,
which wants state regilators al
loww s development ol one well
per 10 acres on square-mile sec
thons on Silt Mesa and in Peach
Valley north of Silt. The ol and
gas commission I8 acheduled
o hear the applications next
manth

The document led Ren Wons
olen, an atiormey reproesenting
Antern, to seek and obiain as
surances during a recent oll and
gns comimission meeting that ks
stall would make a case coun
wring the couniy's assertihons
He sabd @t wonld b uniair for
Antero to b kit with the entire

burden of defending the ruls
against such “wideranging o
tmcis.”

“This, commissioners, s a
fundamental indictment of your
rubsi,” Wonstobn sald during a
oommission mesting this past

The oil and gas commission in
A began implementing rewrit
ten rules that were designed (o
provide mame protections of pub
lic halth and the smvironmsent

But the county contends the
rubes fall short in areas such as

8 Addressing the disturbances
of well-pad lighting and truck
tralllc

s Eatablishing dust and vola
tile-organic-compound-emis
sions starudards.

® Protecting ground and sus

e water from contambination
of the kind that has ocourmed
in the coumty ns a resali of Im
proper well constructhon  and
from spills, mcloding Mcemt
ones from pipelines

® Reqpuiring any inspect bons of
woell fncilithes and pipelines

» Establishing nlepunte:
company bonding and other 0
nanctal assurances for cleanup
projEcts

Calorado Ol and Gas Con
servilbony Comimission Dimesctor
Deviel Moslin sald he couldn'
comment because the hearing on
Antero's applicatkons is pending
Comimisaon sl ||rrlr|.m.|.\l!.
aaid thess can adequately address
rumlatiee effects on residents
when considering permit appli
ol jons [or wells amd pads




Average Cost Per Acre
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@ Reclamation Failure

When comparing the total cost of initial low budget reclamation and associated reclamation work
due fo site failure, we find that generally, the cost per acre is significantly higher than implementing
adequate reclamation on the first attempt (Chart 2). Pioneer, being relatively youthful with respect fo the
data available for this case study, demonstrates similar rends as EnCana with respect to higher costs for
steeper slope reclamation operalions. EnCana has collected data on a much more intensive and larger
area, approximately three times the area of Pioneer’s operalions. These expenences represent the norm
for operators as they have adjusied their approach over ime based on better tracking of reclamation and
stormwater maintenance cosfs.




Reclarnation c Ilsturbed Lzincs Returns
Ecosysiern Euneciion are Ecosysisrn Services

Ecosystem services

subject to valuation for environmental markets

Clean water
Matural areas for recreation and aesthetics
Flood and erosion control
Food

= .

Ecosystem functions
biophysical processes that generate ecosysiem Services

Mutrient

P rlmlry
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Restoration toolbox
actions that may anhance or restora biophysical processes

* Remowe invasive specias .
* Replant riparian vagatation watland islands

* Reconnact floodplain * [mprove stormwater
* Reforast surounding areas
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A Restored vs Degraded

ian response ratio

Biodiversity ~ Provisioning Supporting Regulating
Fig. 1. Response ratios of biodiversity and ecosystem services in (A) restored
compared with degraded ecosystems and (B) restored compared with reference
ecosystems. All resporse ratios differed significantly from zero Wilcoxon signed rank
tests, ***P < 0.001, *P < 0.05), except those for provisioning services [not significant

B Restored vs Reference
05
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01
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05

Meadian response ralio

Biodiversily Provisioning Supporting Regulating

{ns) P = 0.05). Significant differences were found between the response ratios for
biodiversity and the three ecosystem service categories with the use of Kruskal-Wallis
tests [restored versus degraded: H (the K-W test statistic) = 11, N (sample size) =
508, P < 0.05; restored versus reference: H = 15, N = 524, P < 0.01).




Biocdliversity Enhzances Resisiancs io anc
Resilisnce after Disturbancs

= Resistance to ch
in the first place

Resilience to initial

Range of environmental conditions

No resilienc SR
threshold
passed - ne:



CANOPY COVER OF
ON ABANDONED

hreshold, & “reflecting” reference area vegetation

O Introduced Annual Grass

125 -: O Introduced Perennial Grass

FunGrpBasicYesX

O Introduced Annual Forb
B Perennial GRASS

O Perennial FORB

B SHRUB

B TREE

AGCR, BRIN Variation extracted
NH4 Axis 1: 48.41%
Axis 2: 28.33%
Total: 76.73%

100 ':
1982

75 T

50 +

Canopy Cover (%)

25

RefA RefB 1961 1971 1976 1982 1995 2000 2004 2008
Year Well Pad Abandoned

If novel sf ter ecosystem

Inctions away from desired
‘objectives, they need to be explicitly
and quantitatively evaluated

Onl’ 1 site (1976) “reflects” the
composition of Reference A

SM, HIJA

ARTR . 2000 . . . . BRTE
Silt, SOM AXiS 1 Sand
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CLANATION IS

SEST WAY TO ENSURE R
RF EF STANDARDS

Y =1=
rORNMANCE BAS

PE
= Performance-Based = Best Management

Standards: Practices:

= A performance based = Contrast a
standard states goals prescriptive standard,
and objectives to be which typically
achieved and prescribes materials,
describes methods design and
that can be used to construction methods
demonstrate whether frequently without
or not products and stating goals and
services meet the objectives.
specified goals and
objectives.

http://cstools.asme.org



PERFORNMANCE BASE I 8 TANDARDS ARE
FAVYORED FOR A L INDUSTRIES

= US Executive Order 12866 i
1993 (Clinton Administrat

“(8) Each agency shall ident
and assess alternative forms c
regulation and shall, to the
extent feasible, spe

performance obje
than specifying |
manner of compl.
regulated ent1t1e§

Retained by Pres
Obama



ADVANTAGES OF
PERFORMANCE BASED STANDARDS

= New Technology S

= Performance based standards allow ea ie N
standards are new te without
for standards development com
use of new technology.

= Innovation

» Performance based standards encourages people '« tiicleiciitiiiig
performance criteria, which r in building the
entrepreneurial spirit, which ir Is to econo
reclamation) o

= Barriers to Trade

= Performance based stande
when their use meets the widens the marketplace
limiting the acceptable sup
resources.



ADVANTA GES O)F
PERFORMANGE BASED STANDARDE

m Transparency

» Performance based standards that ha
question of . For
objectives are implied at best and unknox
standards, we cannot answer with certain
achieved.

e

= Efficiency

= The enance of e based standards ultimately requires
. While initially more establish go
inclusion or not of variot 1
well. For example, a sta
construction is much ea:
reference to various mat




EAANIPLE

@ Performance Based m Prescriptive
= Bolted flanged joints shall be = Bolted flanged joints shall
leak-free for the intended service. meet the requirements of
The joint shall be hydrotested at ASME B16.5, or ASME B&PV
1.5 times the design pressure Code Section VIII, Division 1,
without leaking, and shall be Appendix 2

demonstrated to be able to
withstand expected external
forces without leakage while at
design pressure and temperature.

= Advantage - gives clear
guidance on what is required

» Disadvantage - does not
allow users to use suitable
innovative products that
may be available

» Advantage - allows users
complete freedom to use any
suitable products

» Disadvantage - testing and
calculations are required for
proven solutions

= Example from reclamation (Colorado):
“Interim reclamation shall occur no later than three (3) months on crop land or six (6)
months on non-crop land after such operations unless the Director extends the time
period because of conditions outside the control of the operator.”



ESTABLISHING PERFORMANCE-
BASED STANDANI DS
Establish for the

standard: broad,
qualitative statement

Specity

state of equipment, state
of area to be reclaimed
(i.e., sodic soils)

Establish and

more specific than goals,
quantitative

: monitor and
report

I T e



USE OF PERFORMANCE-BASEL
STANDARDS 1 OIL AND GAS
RECLANATION? BLY

[=] Bureau Of Land Surface Operating Standards and Guidelines for
’ Dil and Gas
Management S Eprloration a!nd L[:hc,nure-I;]p{r":i:e;1:
Surface Operating
Standards and

Guidelines for Oil and
Gas Exploration and
Development (The

Gold Book) .
= Ch 6 Reclamation an:
Abandonment "

= BMPs

I
T O




USE OF PERFORNMANCE-SBASED STANDARDS |\
OlL AND GAS RECLANMATIONY COLOF{,’-\DO

@ Interim Reclamation = Final

= auniform vegetative cover has = a uniform vegetative cover

been established that reflects pre-
disturbance or reference area
forbs, shrubs, and grasses with
total percent plant cover of at
least eighty percent of pre-
disturbance levels or reference
areas, excluding noxious weeds.
Re-seeding alone is not sufficient.

a minimum four (4)

taken during the growing season
facing each cardinal direction
which document the success of
the interim reclamation and one
(1) photograph which documents
the total cover of live perennial
vegetation of adjacent or nearby
undisturbed land or the reference
area.

has been established that
reflects pre-disturbance or
reference area forbs, shrubs,
and grasses with total
percent plant cover of at least
eighty percent of pre-
disturbance or reference area
levels, excluding noxious
weeds

= determined by the Director
through a



COAL 1S REQUIRED TO WEET PR

= Surface Mining
Control and

Reclamation Act
(SMCRA) of 1977

Regulations of the
Colorado Mined L

Reclamation
Coal Mining, 1¢



4.15.9 Revegetation Snccess Criteria: Cropland.

For areas 1o be used as cropland, success of revegetation shall be determined on
the basis of crop production from the mined area as compared to approved
reference areas or other approved standard(s). Crop production from the mined
area shall not be less than that of the approved reference area or standard for
two of the last four years of the liability period established in 3.02.3. Crop
production shall not be considered prior o year nine of the liability period.
With respect 1o annual grain crops for which the cropping cycle may
incorporate a summer fallow year. two of the last four cropping years will be
considered. This liability period shall commence on the date of initial planting
of the crop being grown. Production shall be considered equal if it is not less
than 90% of the production as determined from the reference area or approved
standard with 9% statistical confidence.

4.15.10 Revegetation Success Criteria: Previously Mined Lands;
Areas to be Developed for Industrial or Residential Use.

(1) For previously mined areas that were not reclaimed o the requirements
of these Rules as 2 minimum ground cover of living planis shall not be
less than can be supported by the best available wopseil or other suitable

material in the reaffected areas, shall not be less than the ground cover
existing before redisturbance, and shall be adequate to control erosion:

(2) With the exception of areas specified in 4.15.10(3), for areas 10 be
developed for indusirial or commercial, or residential use less than 2
years afier regrading is completed, or less than 2 years afier approval of
such use, whichever is later, the ground cover of living plants shall not
be less than required w control erosion. Final bond release shall not
occur prior o satisfactory cover establishment.

(3) For mine support facilities located within areas where the pre-mining
land use was industrial or commercial, and the approved post-nining
land use is industrial or commercial, the vegetation requirement of
4.15.10(2) may be waived if requested in writing by the landowner, and
if the Division determines that revegetation is not necessary 1o control
Erosion.

4.15.11 Revegetation Sampling Methods and Statistical Demonstrations
for Revegetation Success

: (1) All aspects of the vegetation sampling program must be conducted o

. ensure a repeatable, unbiased estimate of the appropriate population

parameier. Consistiency in sampling shall be required in comparisons

between the reclaimed area and the undisturbed areas. Both random

amd systematic sampling designs are acceplable. Double sampling

1 (involving measurements and estimations as equivalent sample data) is
not acceptable.

(a) Vegetation cover shall be sampled using one of the following
methods.

(i) Point intercept in which the observational unit is a series of
points along a transect. The transect is a minimum of 5
meters in length, with at least 50 data points at regular
intervals along the transect. A point sampling device
supported by a rigid frame must be utilized 0 ensure
unhiased point placement: or

Line imercept in which the observational unit is a transect
tape at least 5 meters in length: or

(i) Quadrat sampling in which the observational unit is a plot
frame at least % square meter and large enough 1o
encompass individual plants of the larger species being
sampled.  Quadrats can be distributed independent of
transects or treated as subsamples when associated with
other quadrats along a transect. Plot frames must be marked
in discrete increments appropriate for the level of accuracy
required for unbiased, repeatable estimates of cover by

species.

(b) Herbaceous Production shall be sampled using one of the
following methods.

(i)  Quadrat sampling in which the observational unit is a
rectangular or circular plot frame at least % square meter
and large enough to encompass individual plants of the

larger species being sampled.  Production estimaies are

made by clipping current annual growth of hefbaceous. non-
woody, species within each quadrat, and bagging, drying
and weighing the clippings. Dryving must be consistent with
the technical standard where applicable (i.e. air-dry or oven-
dry). Where reference areas are used, samples will be dried
at 105 degrees Celsius to constant weight. For non-forage
crops such as grain, fruit or vegetables, the plant material
sampled shall be resiricied w the harvesied commodity.
Quadrats can be distributed independent of transects or
treated as subsamples when associgied with other quadrats
along a transect. If quadrats are used 1o sample non-forage
crops such as grain, fruit, or vegetable crops, the plant
material sampled shall be restricted to the primary harvested
commodity; or

(i} Total harvest method. If the total harvest method is used
for non forage crops such as grain, fruit, or vegetable crops.
the plant material sampled shall be resiricied i the
harvesied comodity.

{c) Woody plant density shall be sampled using one of the following
methods.

(i) Belt transects which are elongate quadrats al least 1 meter
wide by at least 5 meters long. Woody planis rooted in the
quadrat ane countad.

Circular or rectangular quadrats at least one meter squared
which can be distributed independent of transects or treated
as subsamples when associated with other quadrats along a
transect. Woody plants rooted in the quadrat are counted.




SUCCeSS

Why monitor?

Monitoring data are used to:
evaluate the effects of past management;
confirm effective management practices;
identify trends that can be used to predict
future changes so management can be ad apted
accordingly;
learn more about how different factors
{drought, fire, management) affect the land.

The most useful monitoring programs help
managers achieve long-term management
cbjectives by generating relevant data.
Consequently, itis essential to clearly define both
management and monitoring objedives before
designing a monitornng prograrm.
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WELL SITE:

Smith, K.A., and J.C. Chambers. 16

Comparing revegetation success on

and nonmonitored gas well sites in _ —
Southwestern Wyoming. USDA Forest Se Nopmeniiored
Research note INT-417.

Monitoring programs for oil and gas industry
are vague and vary among 1d
management agenc es, reg

projects. L

»  Soil stability and veg

Riley Ridge Natural G
Exxon Corporation’s Lz
Unit _
= 7800-9700 ft in elevation

=  Mountain big sagebr Figure 1—Comparison of mean percentage
agebrush and blueb cover collected using BLM line transect
I 15 methods for monitored (n = 5), nonmonitored
X e i (n = 8), and reference (n = 13) areas. Values

are means +1 standard arror.



m  Other results

(=]

There were more seed
species on monitor
vs. nonmonitored (]
Relative percent cover L
desirable species was hig
on the monitored (92.4%) v
nonmonitored sites (55.9%)

Mean numb
higher on n
nonmonito
although re
were higher
these (14)

- There was

Table 5—Mean aerial and basal cover and frequency of comman species present on intensively
sampled monitored and nonmonitored gas well sites and adjacent reference areas

_GQuadrats’ Transects®

Aerial Basal

cover Frequency cover Frequency

.................... Pg;m_.._.......-.__,-,.. s
Monitored (14-05)
Phisumn pratense 1018 B8.0 1117 9.0
Agrapyron dasyslachyum”® 784 32.0 517 4.0
Bromus inermus .72 24.0 250 3.0
Poa compraessa 4.42 84.0 7.83 6.7
Agropyron frachycaufum® 4.26 36.0 250 a7
Agropyron smithii* 1.52 16.0 B3 1.7
Algpecuris pratensis® 1.26 120 18 3
Linum fewisii* 48 16.0 -— —_
Descurania spp. 44 4.0 - —
Astragalus ciger™ 22 120 1.00 1.3
Salsola kali 04 20 - —
Achilfea millefolium® 02 40 — —_
Nonmonitored (43-20)
Bromus inermus 18.08 833 13.80 13.0
Agropyron intermedium 1.82 30.0 —_ —
Agropyron dasysiachyum* 1.45 233 1.83 20
Agropyron smithii* ' a2 233 - -
Agropyron trichophorum A7 200 1.00 1.0
Agropyron frachycaulum® A3 67 - —
Poa compressa . .35 3.3 — -
Artemigia fridantata* A7 6.7 — —
Sitanion hystrix* 03 33 A7 3
Reference (43-20)
Artemisia tridentata® 36.33 98.7 20.50 0.7
Lupinus spp.* 297 58.7 747 5.3
Erigonium spp.* 280 68,7 7.83 10.7
Linum lewisi 138 13.3 = —
Sitanion hysfrix” .72 38.7 1.83 2.0
Phiox hoodii* .30 20.0 — -
Astragalus spp.* 28 30.0 1.00 1.0
Castiffeja spp.” 15 133 — —
Geranium spp.” 13 26.7 18 1.0
Stipa comata* a3 - —_—

.05

Poa secunda* 02 3.3 .83 1.0
Agropyron smithii* - - 250 3.0
Arenaria spp.* — — B3 1.3
Achiilaa miflafofium* _ — .16 3
Amelanchier alnifolia* —_ -— A [ 3

Manitored {n = 25 quadrate}; nonmanitored (7= 30 quadrats); reference (n = 30 quadrats).

*Three transects (7 = 300 points).

*Denctes native slatus.



VS QUANTITATIYVE

Indicator selection

Table 4.1. Levels of monitoring intensity.
Level Objective Measurements

Qualitative documeantation of large changes in Photographs at standard photo points.
vagatation structura.

Sami-guantitative documeantation of changes in Sami-guantitative atematives to basic
vegetation composition, structure and soil stabilty measuremeants (describad in Quick Start).
(less repaatahle than Lavel ).

CQuanfitative documantation of changes in Ona or more of four basic quantitative

vegetation compaosition, structure and soil stability. measurements described in Quick Start: Line-
point intercept, Gap intercept, Soil stability est
and Balt transect

Cuanfitative documantation of changes in the Varnous. Saa Chapters 7-15.
status of specific issues (e.g., compacton, watar

infiltration, vegetative production or straambank

stability).



ATIVE MONITORINE

The protocel described in this technical reference IS designed to:

Be wead only by knowledgeable, experienced people.

Provide a preliminary evaluaton of soll/site stabiliry, hydmlegic funcdon, and
biotic integrity {ar the ecobogical sive level).

Be wed o communicare fundamenml ecological concepes te a wide varery of
audiences.

Improve communication among interest groups by focusing discussion on cridcal
coosystem propertics and processes.

Sdect monkoring skes in the devdopment of monkoring progams.

Provide early wamings of porential problems and eppomtunities by helping land
managers idenafy arcas thar are potentially ar nsk of degradation or where
resowrce problems currendy exdst.

The protocel is NOT o be used ro:

* Ideniify the causels) of resource problems.

* Independently make grazing and cther management changes.

* Moniwr land or derermine rrend.

* Independently generare nadonal or regional asscssments of rangeland heakh.



U TATIVE WIONITORINE

Digfinitions of these three interrelated avtributes are:

Soil /Site Stability

The cpaary of an arca to limit redisobudon and koss of scil esource {(mcluding
nutrients and organic mamer) by wind and warer.

Hydrologic Function
The capadty of an arca to capure, swore, and sfely rdease warer from rainfall,

rum-on, and snowmelt (where relevant), m resse a reducrion in dhis capadry, and
o recover this cipadry when a reduction dees ocour.

Biotic Integrity
The capadty of the biotic community e suppere ecological processes within the
normal range of variabiliry expected for the sie, © resst a loss in the capadty to
support these processes, and to recover this capacity when losses do coour. The
biotdc community inchludes plines, animals, and miceeganisms ccournng

both above and bdow ground

= Air
quality
* Recreation
+*Wildlife habitat
* Minerals, oil & gas
= Livestock production
= Military testing & training
= Aesthelic, open space & wilderness values
* |nwasive, threatenad & endangered species

Foundation
Soil & Site | Hydrologic Biotic
Stability Function Integrity

Figure Intro.1. Maonitoring the three kay attributes
{(primary monitoring objective) sares as the
foundation for sustaining the po®ntal to support
diverse managemsant abjactives.




Evaluation Sheet [Example) iFrent
Aarial Photo:

Evaluation Sheet [Example) Back

Manogement Unit; Aloimerd | posiire [Shate: 5
[alormers or pastes]
Brological Site Mame:_Limy

Range/Ecol. Site Coder_maiE555hm

Soil Map Unit/ Component Name:_Nickel graelly ine sondy bam

Drate:_jype o

Charvers_Jo Soit Jow Gordo_od Thaddais Jomes

location [description]:_Limy gite o miks north of windnl b S5 posiire

THS h2BW [ S Milat. Or UME_ m  Position by GPS? Y/ M Be
UTM Zone____, Datum
Sec. I MEWN W. Long. L — m Photos token? ¥/ M s

Composition Indicators 10 ond 12) bosed on:__Annwol Production, _(Cower Produced During Current Yeor or __Biomass

Soil/ site verification
Ronge/Ecol. Site Descr., Soil Surv, ond/or Ecol. Ref. Area:
Surfoce texture _gsl offs o

Evoluation Area:
Surfoce rture gl

Departure from Expectod
Paone o Slight
Slight lo Moderale
Moderake
Moderake o Exlreme
Exireme io Tolal

Code Instructions for Evaluation Sheet, Page 2

] [1] Assign 17 indicaler mlings. IF indicaler nol presanl, e Mone io Slight.

S | In the three grids below;, wiile the indicalor number in the oppropricle cobimn for
M eoch indicakr tha is opplicoble o the aliibule.

ME [¥] Assign everall mling for soch oliribule based on preponderance of evidence.

ET [4] Justiby eoch atiibule rdling in wriling.

Indicater

Comments

. Rils

Fotve il brnation evident o ifregquend ndervals

2. ‘Wlerflow Pobierns

Flow patiErns show Culting and deposion and some conneciiaty

. Pedesiols andfor lerrocedes

Fedesinling in flow patierns only rod common

. Bore ground 4B %

Bare ground rorely comected

. Gullies

. Wind-seourad, blowouls,
and for depoeilion areas

7. Litier movement

Sorl [tter shovs sign of moderdle poverent, larger e - shght moverment

Depth: very shallow __, shallew __, moderate __, deep X Depth: very shallow __, shollew _, moderate __, deep
Type and depth of dlugnoanc horizons: Type and depth of diognostic honzona

1. Gokic_horoon w'n 207 a. 1. ol horizon of 57 3

i 4. z 4.

Sur. EBere: none __, w dight __, dight _, i, wiclerd _ Surl Efere: none __, w dight __, dight __, srong i, viclers __

Porent material Alhum  Slope o % Elevation __soo k. Topogrophic posifion josle Aspect _gauth

Averoge annual precipitation _E7 2 inches Seasonal digtribution Surmer thurdersioroms dominat

Recent weather (Jost 2 years| (1] drought (2] normal i, or [3] wet _

———

Wildlife use, livestock vse (infensity and season of olloted usel, ond recent disturborces:
lifie yge [ choniied by prpochom andelpe ip the winter Uvegings uge wins sdrerely beney yenring during IS00-1530 Lngd f0 veors, el use
ke Dein ComiCal prpckirale vegrbng vt

B. Soil swrioce msisionce jo eroion

Stabiity vilues vertge from 34 on surfales under vegetation Caropy and -2 ik nierpxes

B, Soil surkece bas or degrodalion

Severe past erosion has Eft much of the site withot much urfoce horzm

10, Plant eommu ity compesilion
and disitibution e blve jo infi lration

Change fum gross dominated o shrub dominaied kay decreased infillration and bare ground
Fadg increaeed run-off

11, Compaction byer

12. Functional fvinrdional groups

p. | Subdominoiz goup bosicoly gone (sorm smmeon siloniEmus gross) ond Subdominode grovp (Mo
A] amnan norroe ko bunchoroes) e Miner g p (Sergem abshnb] hove

13. Mlant meriality/ decodence

14, Liter smeunt

ey itk [8er ison dhe s for & ime of yeor and rnfal & the war

15, Annual produdion

Frodudtion s about 70% of evpecisd

16, Imemsive planis

17, Reprodudive copability of

Flanis shov some signs of siress that Wil redice seed production and sidon producion

perenniol plants i year
Chfsite influences on evaluation area:
Mone
Artdbute Rating artribute Rating Artribute Rating
Justification Justification Justification
Soil & Sile Hydrlegic Bislic
Shabiliby: Funclion: Inbagriy:
Criterio vsed to select this FI:II‘I"I:I.IIEIT evalvation area as REPRESEMTATIVE [spedific info. ond fociors cosidersd; degeee of “repesaniotheness®] ﬂm _.E:L'I“__"Eil:_ —5hid ip fdtiondl
Aren is lovated neor o pastire Fey orea B islocalsd in dhe ot of he coobgion site ond reresenis the byl orount of lesiocks wikdie ond e fEive o leiving the ste ki oroies s
recreadonyl ues on this area This covboioal site dominaies this posture. The orea is 34 of o mie #om the dosest woler souce in e poiterns i —srndiomnl patdang
st is oldl and and o [ifer is rroderite radng
¥ witer [edang de 4
Crher remarks fcontinue on back if necessary| . _sile byd o much i i
EREE 6 | eroaon A eroson I HE R
2 3 5§ - - 2 3 . Bl % 3
_DEuring o ogen-
E<T[M-E[ M |5-M|M=5| el o E=T[M-E| M |5-M M-5 E-T[M-E| M |5-M M-5
50 indicaton) H (10 indicalors): B [ indicolors):
Seil & Site Siability Hydrabgic Funtj;m Bichie Integrity
Reference: |1] Reference Sheet Lmy 20—42 ; Author; J. Chrstersen : Creation Dote: 033/ Rofing \ nfing: Foling: L]

or |2] Other fe.g., name and date oFBmlogu:anadBu:npr .-lom_-_ :wlogu:ul reference ursu[sll Limy Eoologc
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Slight fo Moderate  Mone to Slight

Reference Sheat

Generic Descriptor  Rill Formation is Rill Formation is Active il Mo recent lormation Current or past
severe and wel| moderotely odtive  formation is slight  of rills; old rills formation of rills os
defined throsghout and well defined  of infrequent hove blunted or expected for the
most of the site. throughout most of  inferals; mostly in© muted features. site.

the site. exposed areas.

: . Lo
1k - Short lirear rill coused by occelerated water Flow.



IS QUALITATIVE MONITORING EAS=RY

= More time to train

@ Results less
standardizedr among
groups




QUANTITATIVE MONITORINEG

ribuficns from
jon T. Be Caurtright, Alicia Malgaza €
Paliarit, David Al Pyke, Morte D. Remmenao, Palrick L. Shaver,
Amiila G.de Soyza, Arene | Tugel.and Robert S: Unnasch

Reprinted 2009 Reprinied 2009




QUANTITAT

Estimated time requirements for Quick Start long-term measurement oplions.

/£ MONITORINE

Time** No. of

Method-page No.*  (hours) people Indicators generated
Photos (for visual 3 0.1 2 MNomne
record of data), page 6
Line-point intercept 150 pts. 0.5 ] Foliar cover ()
{for plant cover and 150/ line) Plant basal cowver ()
composition ), page 9 Bare ground (%)
Canopy gap intercept 3 lines 0.4 ] Proportion of line covered
(b monitor areas that by large gaps bebween
erosion andfor weed
invasion), page 16
Basal gap intercept 3 lines 0.4 2 Proportion of line covered
page 16 by large gaps between

plant bases
Soil stability test 18 0.5 1 Average surface stability:
(for soil susceptibility samples = total
to water erosion), page 23 * under canopy

* not under canopy
Belt transect (for 3 belts 0.2 z MNumber of invasive

invasive species), page 30

plants per hectare




= MONITORINE

Line-point intercept

Line-point intercept is a rapid, accurate method
for quantifying soil cover, including vegetation, lit-
ter, rocks and biotic cnusts. These measurements are
related to wind and water erosion, water infiltration
ardd the ability of the site to resist and recover from

degradation. For a detailed discussion of this and
other methods for measuring plant oover andfor
composition, see Flzinga et al. 20012, For alternative
Line-point intercept metheds {including height " i
measurements) see Volume IL :

Materials =¥ ;
* Measuring tape (length of transect}—if using ' o,
a tape measure in feet, use one marked in
tenths of feet.
Two steel pins for anchoring tape
One pointer—a straight piece of wire or
rod, such as a long pin flag, at least 75 cm
(2.5 ft) long and less than 1 mm
(1/25 in) in diameter
Clipboard, Line-Point Intercept Data Form . a
{page 12} and pencilis)

[




\TIVE MONITOF

Home Page : Monitorin Assessment

DIMA aka Rangeland Automated Calculations (requires Microsoft® Excel)
Database

Holloman Air Force Base Line-point intercept

Sustainable Disturbance Gap intercept

website

Soil stability test

Mongolian Information

Rangeland Monitoring Manual
Data Forms Compaction test

Automated Calculations
- Ii (requires Microsoft® Excel)
. Sample Size Requirements
Calculator Plant species richness
Additional Resources

Belt transect

Single-ring infiltrometer

Plant production

Vegetation structure

Presentations
.. . Tree densi
Training Videos Iree density
Courses Riparian channel vegetation surve
ARIDnet Riparian channel and gully profile

Chinese Language

Line-point intercept with height

Line-point intercept with 2 heights (50 pts)

Line-point intercept with 2 heights (100 pts)

Line-point intercept with 2 heights (150 pts)

Automated Calculation Data Forms for Your PDA

Unprotected versions of the Automated Indicator Calculations Microsoft Excel files are
provided here so that you may convert and save them to your PDA device. Please
use these files carefully and realize that if you make any changes to the Calculations
worksheets the indicator calculations may not work or may result in incorrect values.




QUANTIT.

e

TIVE MONITORINE

Refer to "Monitoring Quick Links™ at hitp-flusda-ars. nmsu.edufMonit Assessimonitoring.htm for updates.

Line-Point Intercept Indicator Calculations

You must fill in all applicable yellow cells.

Fill in Lower Canopy Layer cells where appropriate.

Site: Observers: JWS TLM Gray cells for indicator calculations
Plot: 1 Line: 1 Recorder JTW Line Length: 25 m or ft?: m
Direction: 275 Date: Intercept (Point) Spacing Interval: 50 cm or in?: cm
. magnetic ™
Top Lower Canopy Layers Soil Top Lower Canopy Layers Soil
Pt. Canopy Codel Code2 Codel Surface | Pt. Canopy Codel Code2 Coded Surface
1 POAN-T CHMNA-S PF01-PF L 13.5 |ACRE-PFX |FEOC-AG |ASTER1-PF S
1.5 |POAN-T BRTE-AGXK L 14 ACMNE-T PRVI-S CLLI-PF w ACMNE
2 ARTR-S PUTR-5 BRTE-AGX L 14.5 |ACMNE-T MARE-PF |ELTR-PG [BRTE-AGXK |L
2.5 |ACHYPG |L S 15 ACNE-T ELTR-PG S
3 ARTR-S CHNA-S ACHY-PG |COMP1-PF |L 15.5 |CHNA-S ACHY-PG |L L
3.5 |NONE L 16 ACHY-PG |L =
4 NONE = 16.5 |ARTR-S CHNA-S ACHY-PG |COMP1 L
4.5 |PF01-PF  |BRTE-AGK |AF01-AF L 17 NONE L
5 ACRE-PFX |[FEOC-AG |[ASTER1-PF S 17.5 |NONE S
5.8 |ACNE-T PRVI-S CLLI-PF W ACNE 18 PF01-PF BRTE-AGX |AF01-AF L
6 ACNE-T MARE-PF |ELTR-PG [BRTE-AGX |L 18.5 |POAN-T CHNA-S PF01-PF L
6.5 |ACNE-T ELTR-PG = 19 POAN-T BRTE-AGX L
7 CHNA-S ACHY-PG |L L 19.5 |POAN-T PRVI-S W POAN
7.5 |ACHY-PG |BRTE-AGK M 20 POAN-T ELTR-PG |COMP1-PF L
8 BRTE-AGX |PFO1-PF P 20.5 |TARA-TX CIAR-PFX |BRTE-AGX L
8.5 |NONE S 21 TARA-TX CIAR-PFX |L L
8 NONE C 21.5 |CES0O-AFX |BRTE-AGX S
8.5 |ARFR-S ACHY-PG ARFR 22 NONE S
10 PUTR-§ BRIN-PGX EL 22.5 |NONE c
| 10.5 |[NONE P 23 ARFR-5 ACHY-PG ARFR
| 11 CIAR-PFX |COMP1-PF |[BRTE-AGX L 23.5 |PUTR-S BRIN-PGX EL
11.5 |NONE S 24 MNONE P
12 NONE R 24.5 |CIAR-PFX |COMP1-PF |BRTE-AGX L
12.5 |TARA-TX |CIAR-PFX |BRTE-AGX L 25 NONE S
13 TARA-TX |CIAR-PFX |L L 25.5 R

NOTES:

4 4 » M| Transect0l . Calculations01 |

CalculationsSamp

le




Transect parallel to dry stream bed, running mostly east/west. Little topography. Weedy - evidence of previous disturbance.
All unknowns collected and labelled. COMP1 <30cm tall, remnants of many small yellow flowers. ASTERT - ~40cm tall, locks like purple
flowers, maybe Erigeron? PF01 - ~10cm tall, no flowers or fruits, does have rhizomes.

Top canopy codes:
Species Code,
Common Name, or
NOMNE (no canopy).

Lower canopy layer codes:
Species Code,

Common Name,

L =herbaceous litter,

W =woody litter, =5 mm
(~1/4 in diameter).

Unknown Species Codes:
AF# = annual forb

PF# = perennial forb

AG# = annual grass

PG# = perennial grass
SH# = shrub

TR# =tree

Functional Group Codes:

Soil Surface (may use L = litter again):

-AF = annual forb

-PF = perennial forb
-AG = annual grass
-PG = perennial grass
-5 =shrub

T=tree

X=weed

Species Code (for basal intercept), or

R = rock fragment (=5 mm (~1/4 in})
diameter),

BR = bedrock,

C = biological soil crust/lichens on soil,

§ = zoil without any other soil surface code,

EL = embedded litter, M =maoss,

D = duff, P = poop.

*Bare ground occurs ONLY when Top canopy = NONE, Lower canopy 1ayers are empty (no L), and Soil

surface = 5.

|
Data Summary

% Canopy Cover =
% Bare Ground =
% Basal Cover =

Ave_ Species/Pt =
Ave. Bio Lyrs =

% Tree Cover =

% Shrub Cover =

% Perennial Forb Cover =
% Annual Forb Cover =

% Perennial Grass Cover =
% Annual Grass Cover =
% Weed Cover =

72
12
16

2.02

ERRa88BS

Last updated on 15 September 2009.




WHO 1S USING PBS AND REQUIRINE

467 documents, primarily in

western US, 2001-2010

185 hits on the word “mon:

» Required vs. recommended

» Pre & post '

= Quantitative

6 EIS/Record of Deci

primarily in Wyomin;

= Atlantic Rim, Jonah
River Basin, Des

» Roan Plateau, CC
(recommended)

State Wildlife Div

recommended

i Co__f .

MONITORINGZ

HOME  SEARCH BIBLIOGRAPHY

BEST MANAGEMENT
PRACTICES

The Getches- Center for Matural
the Environment and its

and natural gas drilling
on 1o help ensure that energy
entis conducted in an environmentally
sible manner (see the Bureau of Land
Management BMP website).

The focus

by ol 2
includes

recommended for re
management in the f Colorado, Montana,
Mew Mexico, Utah, al .

S

WelcGme to thesntermountain

RESOURCES  LAW & POLICY

Getches-Wilkinson Center for Natural Resources, Energy, and the Environment

ﬁ Intermountain Oil and Gas BMP Project

—

Qil'and Gas BMP Projectiepsites
..__J i d

TRAINING & WORKSHOPS

BMP CATEGORIES

The databas Ps to address avariety of
resources and i

+ Air Quality and Emissions

+ Aguatic and Riparian Values
+ Community

+ CulturaliHistoric

+ Grazing and Aariculture

« Human Health and Safety
+Land Surface Disturbance

+ Noise

«Other

+ Soils (Conservation, Pollution. Reclamation)
+ Vegetation

+Visual Aesthetics

+ Water Quality and Pollution
+ Water Quantity and Rights

« Wildlife

Browse all

FORUM

ABOL



CONCLUSION

Oil and gas activity in western North America
is extensive and increasing

These activities have impacts on wildlife and
ecosystem function

[t is important to successfully reclaim these
areas to achieve ecosystem function

» This may also allow industry continued access to
these resources

The best way to insure reclamation is through
the use of Performance-Based Standards

PBS requires monitoring

= Quantitative monitoring is preferred.



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Successful Reclamation By All Can Enhance Industry 
	Slide Number 11
	Slide Number 12
	Successful Reclamation Can Reduce Costs to Industry
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Best Way to Ensure Reclamation is Performance Based Standards
	Performance Based Standards are Favored for All Industries
	Advantages of �performance based standards
	Advantages of �performance based standards
	Example
	Establishing Performance-Based Standards
	Use of Performance-Based Standards in Oil and Gas Reclamation? BLM
	Use of Performance-Based Standards in Oil and Gas Reclamation? Colorado
	Coal is Required to Meet PBS
	Slide Number 29
	MONITORING REQUIRED to verify meeting pbs
	Monitored and Nonmonitored Gas Well Sites
	Slide Number 32
	Qualitative vs Quantitative
	Qualitative Monitoring
	Qualitative Monitoring
	Qualitative Monitoring
	Qualitative Monitoring
	Is qualitative Monitoring easier?
	Quantitative Monitoring
	Quantitative Monitoring
	Quantitative Monitoring
	Quantitative Monitoring
	Quantitative Monitoring
	Quantitative Monitoring
	Who is using pbs and requiring monitoring?
	Conclusion

