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Attachment 3: Net Environmental Benefit Analysis 

Explanation of Scoring 
The alternatives considered for a semi-quantitative Net Environmental Benefit Analysis 
(NEBA) for surface restoration at the SW Royalties Arco Federal Tank Battery are: 

A. Dig and haul all impacted soil with chloride >1,000 ppm to a maximum depth of 
5-feet, import clean fill and amendments. 

B. Dig and haul hot spots (>2,000 ppm chloride, maximum,depth 3-feet), import 
clean fill and blend to <1,000 ppm chloride. ^ ^ % 

C. Dig up hot spots (>2,000 ppm chloride, maximum .depth 3-feet) and dispose of 
impacted soil in on-site trench, import fill (fromvt'rehch) and blend to <l,000 ppm. 

D. Dig up hot spots and dispose of impacted soil irPon-site trench, import some soil 
from trench, create depression for water cqUeetdorî use watersplus "straw" to 
restore native soil. Jsr * V«k 
Dig and haul hot spots, install liner ̂ shingles" 4' below ground surface, import fill 
for area above liner and blend. Jfek. ^VlN 
Remove surface caliche, rip and disc site, aaofamendments. 

NEBA methodologies are described bysseveral authors, including: 
• Efroymson and others (2003. esd'.ornl^goy/programs/ecorisk/documents/NEBA-

petrol-s-report-RE.pdf) ^ A f f i 
• Robertson (2006,„www.freshwalerspills.riet/neb ) 
• ASTM (2006, http //www astm.org/;Stahoards/F2̂ 32̂ iT'tm) 

Kealy and others (200b, www.iosc.org/papers/013S8.pdf) 

For the Arco Federal Battery site, we elected to modify the NEBA method described by 
Robertson#2006) and ASTM (2006) IBeeausê tfre site comprises less than 1-acre, the use 
of Habitat Equivalencyt;;Metrics;',as presenteavby Kealy and others (2001) is not 
appropriate. While Robertson usesia color-coded ranking system (green, yellow, red) 
that allows.the user of thdNEBA to|^feullly discern which response action provides a 
more fav'ofSble outcome, we Vised a numerical ranking system where a score of 3 
provides thê greatest benefit (or least harm), and a ranking of 1 provides the least benefit. 

Each criterion has:^o^iul|iplying factors: one that considers the importance to 
stakeholders and a seS|w|i*that considers the importance of the criteria to the site-specific 
environmental settingjHn theory, the site-specific environmental setting would be 
established by good data. In practice, one stakeholder may conclude that site data 
demonstrate the absence of a water table aquifer beneath the site. According to that 
stakeholder, ground water quality cannot be impaired and a site multiplication factor of 
zero is appropriate. Another stakeholder may conclude that data do not demonstrate with 
a reasonable degree of scientific certainty that a water table aquifer is absent. This 
second stakeholder may assign a site multiplication factor of 2. Consensus, which is 
critical to the NEBA process, could create a final site multiplication factor of 0.5, 1 or 
zero - depending upon which stakeholder is most convincing to the group. 
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The stakeholder multiplication factor considers the importance of the criteria to the 
stakeholder. A stakeholder with a surface grazing lease may have sufficient water 
supplied by a pipeline or nearby source and protecting ground water quality beneath the 
site may not be important. To this surface leaseholder, forage for livestock may be the 
most important criteria and assigned a multiplication factor of 3 while protection of 
ground water would be assigned a factor of 1. Consensus may create a simple average of 
the various stakeholder scores. 

The score and the two multiplication factors are used to calculate a weighted value for 
each remedy. This weighted value = (Site Multiplication Factqr*Score) + (Stakeholder 
Multiplication Factor * Score). \ 

At this time, the stakeholder multiplication factor is essentially'afplaceholder as we need 
additional input from the BLM, adjacent landownerssand*surface users. Most 
publications that describe the NEBA process empnasizê that success¥equires a consensus 
among stakeholders. This DRAFT report is the'first step in creating a consensus between 
all stakeholders. After review of this DRAFT 4 D$IBLM, we.would anticipate|a,reyiew by 
surface and subsurface lessees, nearby landownersland possibly the NMOCDt**' 

Ground Water % ^ 
Data demonstrate that ground water is"^Qtfp|rsent at the site|||ee Hicks Consultants letter 
to NMOCD, 2-2-11). Therefore, the multipli^tion factor for?s^^gp'nditions and 
stakeholders is zero and scoring is not warranted 

Surface Water - > . V 
A surface water body (a playa or an arroyo tha|may hold water for several days) is not 
present in the area. Thisscondition creates a multiplication factor for surface water of 
zero for bothsthe.site and<stakeholders.~ 

Air Quality 
Dust̂ geheration 
Our evaluation suggests that.'the footprint ofthe historic release(s) covers slightly less 
than 10,500tsquare feet. Dat'Asuggest that soil with a chloride concentration greater than 
1,000 ppm existsrtq a depth of 4-8 feet beneath this footprint. Under Remedy A, we 
estimate that dust%eneratiori|would occur due to the excavation ofthe site to an average 
depth of 5-feet, generatingia total of 2,528 cubic yards of soil. The transport of 126 
belly-dump trucks overfabout 1-mile of dirt road toward the landfill would generate 
additional dust. We af signed a score of 1 for Remedy A. For the purposes of this 
evaluation, we estimate that excavation and removal of "hot spots" (>2,000 ppm 
chloride) to a depth of about 4-feet will generate about 1,463 cubic yards of soil requiring 
transport (Remedies B and E), thus, Remedies B and E will generate about 40% less dust 
than Remedy A. Remedies C and D call for excavation to 4-feet and generate the same 
1,463 cubic yards of soil but avoids transport along the dirt road through on-site trench 
burial thus creating slightly less dust than Remedies B or E. Because Remedies B, C, D, 
and E generate about the same volume of dust, all receive a score of 2. Remedy F will 
require some removal of asphaltic soil and caliche prior to ripping/discing and adding 
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amendments of straw (to increase soil permeability) and water (to flush chloride below 
the root zone). As a result, Remedy F will generate the least dust, and we assigned a 
score of 3 to Remedy F. 

Assigned Values for Dust Generation 
Remedy Score Site Stakeholder Weighted Value, 

Multiplication Multiplication Dust Generation 
Factor Factor 

A 1 

1 1 

4K 
<{ \ . 

2 
B 2 

1 1 

4K 
<{ \ . 

* 4 
C 2 1 1 

4K 
<{ \ . 

D 2 
1 1 

4K 
<{ \ . 

4 
E 2 

1 1 

4K 
<{ \ . k 4 

F 3 

1 1 

4K 
<{ \ . 6 

During the next 1-5 years, which is the timeframe anticipated to achieve a'successful 
remedy at the Arco Federal Battery site, oil and gas operations in the area will create a 
significant amount of dust. The incremental contribution-sOFahy of the remedies is very 
small in comparison to the dust generated by other activities and natural processes. We 
assigned a stakeholder multiplicationffactor of 1. 

In addition to addressing soil impacted By salt, alLpf the remedies .caill for the removal of 
about 4,000 square feet of caliche associated with1tn'e|unused diSfroad loop shown in 
Figure 1. We anticipatejhis,caliche will bejsuitaole f6rMe$usevat nearby roads or well 
locations and any dust generation created by|ne removalJ>f caliche at the spill site is 
offset by the lack-Cf dust created by a need to "mine caliche elsewhere and transport it to a 
nearby location. m % 

The footpHnt-#fih^ the distance to pavement from the site 
is les^nan 1 mile;'dus.t''creation by any proposed remedy is relatively small. Therefore, 
we^isigned a site multiplieatioh factor of 1. 

Exhaust Generation %4 4' 
The 65-mile haul|distance tqia landfill creates a relatively large exhaust impact to 
Remedy A so welassigned itja score of 1. Remedies B and E call for less transport and 
receive a score of 2f'ARemedies C and D generate about the same exhaust at the site due 
to excavation but not'the'exhaust caused by transport to a landfill. Remedy F requires 
earthworking equipment to condition the soil and will probably generate about the same 
mass of air pollution from engine exhaust as Remedies C and D. Remedies C, D and F 
received a score of 3. 

3 



Assigned Values for Exhaust Generation 
Remedy Score Site Stakeholder Weighted Value, 

Multiplication Multiplication Exhaust 
Factor Factor Generation 

A 1 

1 2 . 

3 
B 2 

1 2 . 
6 

C 3 1 2 . 9 
D 3 

1 2 . 
9 

E 2 

1 2 . 

6 
F 3 

1 2 . 

From a stakeholder perspective, air pollution and generatioh£*opgreenhouse gas appears 
more important than dust generation at this site; creatingfa stakeholder multiplication 
factor of 2. The site multiplication factor is 1 for many ofethe samelreasons discussed 
above for dust generation. The widespread use^Fclosed'loop/haul-off^drilling in this 
area creates a large volume of exhaust that dwarfs any contribution frorritany remedy 
discussed herein. ^ \ e

c \ \ 

Habitat Restoration s ^ 
Native Vegetation 
Over the long-term, reducing the disturbaneerfootprmt and transforming the area to 
natural vegetation (habitat and forage) lSMmportaht.and received-a site multiplication 
factor of 3. With respect to the stakeholder importari|j^we assigned this criteria a 
multiplication factor of.3 - we believe all stakeholders*desire7festoration of the site to as 
close as practical to the pre-disturbance condition. 

Remedies A and E are the most robust and have-worked well at other sites. Therefore, 
these remgdjjs|are ranked higher thah"all .others for this criterion. Because Remedy F 
relies upo^nit'ural?precipitatipnvplus somllMgation to flush the salt from the sandy soil, 
somefmaintenance andttime aresrequired for this remedy to succeed. In other areas where 
the s6il|contains more clay than this site,,the addition or amendments to reduce salinity 
has fail111j|jWe assigned thedowest score for Remedy F, primarily due to the uncertainty 
of success>Remedies B, C:: and D have a good chance of creatine re-vegetation and we 
assigned a score-'of 2 for these; remedies. 

Assigned Values fori '̂atijyeyVegetation 
Remedy Score Site Stakeholder Weighted Value, 

4' Multiplication 
Factor 

Multiplication 
Factor 

Native Vegetation 

A 3 18-
B 2 12 
C 2 3 3 12 
D 2 12 
E 3 18 
F 1 6 
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Restore Original Landforms 
The landforms in undisturbed areas appear are small dunes. Hall and Goble (2006, 
http://redrockgeological.com/pdf/2006 mescalero sands.pdf) describe these dunes as 
coppice dunes that formed in the region after 1880 due to the northern expansion of 
Torrey Mesquite (see page 305 of the referenced publication). One can argue that the 
presence of mesquite and the coppice dunes is influenced by ranching and farming in the 
area. Replacement of dunes at this site is not considered a priority. In fact, one can argue 
that a remedy that removes mesquite and the accompanying dues creates an 
environmental benefit. 

Remedies A-E call for borrowing topsoil from adjacent areasjrwhich will cause 
mesquite/dune removal. Therefore all these remedies receJvep.|Score of 3. Remedy F 
calls for the creation of a small depression to capture precipitation during soil 
flushing/restoration but does not require removal ofttopsoil/mesquiteifrom adjacent areas. 
Remedy F receives a score of 2. All remedies will>foster<.the growth of native grass rather 
than mesquite and help return the area to "pre-Columbian" conditions.^ \ 

Assigned Values for Restore Original Landforms :̂ 
Remedy Score Site 

Multiplication 
Factor * 

Stakeholder 
Multiplication 

Factor* 

Assigned^Value, 
Restore Original 

Landforms 
A 3 

^ Hat ^ 
Wm, 

w 
c ̂  

^ 6 
B 3 

^ Hat ^ 
Wm, 

w 
c ̂  

W 6 
C 

^ Hat ^ 
Wm, 

w 
c ̂  6 

D A T - ^ Hat ^ 
Wm, 

w 
c ̂  6 

E 
^ Hat ^ 

Wm, 

w 
c ̂  6 

F "2*lm 

^ Hat ^ 
Wm, 

w 
c ̂  

4 
to/ 

As described*b'y.Hall and Goble, the areafofiduhe formation is enormous relative to the 
smalterea of the Arco^FederabBattery impact. The site ranking multiplication factor is 1 
asjaresult. Pending iriputefrom stakeholders about the importance of restoring the area to 
pre-188Q&onditions, we assigned a "stakeholder multiplication factor of 1. 

1ft 
Connectivity 
Within the highlyi|d^eloped .̂area of Loco Hills, creating large habitat corridors and/or a 
landscape with reas"b.̂ bJe^connectivity" is very difficult in the short term. At the site, 
however, oil and gas development to the northwest and northeast is minimal and native 
landscape and relatively dense vegetation is present. Restoring the small area ofthe 
release footprint plus the "illegal" caliche road turn-out minimizes the habitat 
fragmentation between the northeast and northwest areas of undeveloped land to the 
width of the lease road - therefore we assigned a site multiplication factor of 2. Pending 
stakeholder input, we assigned a stakeholder multiplication factor of 2. As oil and gas 
activity in the area shuts down in 20-30 years, connectivity will become more important 
to stakeholders than today. 
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All remedies are ranked the same for this criterion because this scoring assumes that all 
remedies will be equally successful in restoring natural vegetation and soil in which 
animals can burrow. All of the remedies received a score of 2, a site multiplication factor 
of 2, a stakeholder multiplication factor of 2 and a weighted value for connectivity of 8. 

Wildlife 
The small area of the historic spill is not a critical habitat for wildlife and restoration of 
this small area will have little impact on wildlife, given the existing oil and gas 
development in the area. We assigned a site multiplication factor of 1 and a stakeholder 
multiplication factor of 1. By assuming that all remedies will succeed, all of the remedies 
are ranked equal 2 for the protection of wildlife, all receive ^weighted value of 4. 

Social Costs and Benefits 
Allocation of Regulatory Review Time 
As indicated above, Remedy F requires the most^n-going maintenanelfJand monitoring 
and will require more oversight than other remBaies. Therefore this remedy receives the 
lowest score, 2. Although Remedies A andCarefthe mosttrobust and Remedies B, C and 
D are familiar to the agencies - all ot these remedies require some on-going monitoring 
and oversight by the agencies. These tive remedies receive a score oi 3. w 

.... . . V . ' %. 
Remedy Score Site%"<| 

Multiplication 
Factor „• 

- Stakeholder 
Multiplication 

Factors^ 

^Assigned Value, 
^Regulatory Review 

Time 
A 3 

1 
% 
% * 1 

Jr 

6 
B * 

1 
% 
% * 1 

Jr 

6 
C 3 - 1 

% 
% * 1 

Jr 
6 

3 
1 

% 
% * 1 

Jr 
6 

%3 

1 
% 
% * 1 

Jr 6 
F ,2 

1 
% 
% * 1 

Jr 
4 

We assigne^a multiplication.factor pf>l for the site and a multiplication factor of 1 for 
stakeholderlinput because thermal Ksize of the impact. 

H4Jk Vl 
Forage for Livestock and Multiple Use Access 
The area of the historiaspill footprint is small. During re-vegetation, the area may be 
fenced to prevent grazing and silt fences may be employed to minimize erosion. After 2 
years, we believe vegetation can be re-established under all remedies. Therefore the site 
and stakeholder multiplication factors are both 1 and all remedies received the same score 
of 2, for a total value for forage of 4 for each remedy. 

Impact on Resources 
All of the remedies use fresh water for dust suppression during excavation. At the 
landfill, we assume that produced water or brine is employed for dust suppression. 
Remedy F relies upon the addition of a relatively small volume fresh water after large 
precipitation events to flush the salt below the root zone. However, Remedy F also calls 
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for the creation of a small depression to capture and hold precipitation, which may be 
considered a benefit. Because the amount of added water to enhance salt flushing is 
small, Remedy F receives the same score as all the other remedies, 2. Water is precious 
in the area of Loco Hills and we assigned a site multiplication factor of 3. Because 
stakeholders are accustomed to scarce water and the water used and/or saved by the 
remedies is small, the stakeholder multiplication factor is 1. 

Assigned Values for Impact on Water Resources 
Remedy Score Site 

Multiplication 
Factor 

Stakeholder 
Multiplication s 

Factor / 

Assigned Value, 
" Impact on Water 

Resources 
A 2 j ~*> 8 
B 2 ?i 8 

C 2 3 
D 2 X^V 8 
E 2 
F 2 "\8V 

The impact of each remedy to the environmental budg|t|of the operator is also considered 
in this analysis, with a site multiplication factor of 3. Tnisfhigh multiplication factor is a 
function ofthe value ofthe land relatiyeltolthe cost ofthe remedies. If, instead the 
impacted 1/3 acre were in suburban Dallas, thejgalue of the lahd'could be much more 
than the cost of any remedy and the site multiplic'alron^fector would be 1. With respect to 
the stakeholder multiplic^tion.factor, cost is|geherally-1aot?considered as a factor by 
government agencies?1 except for the evaluation of remedies under CERCLA. For the oil 
and gas operators^M|^re also^fekeholders, cost is very important. Nevertheless, we 
assigned a stakeholder-multipliellion factor of l|because the requirements of a surface 
owner generallyJrump thlel̂ isneswf|a>lessee. Ifilalow-cost remedy can be successful 
and provide "a'highf environmental benefit; the operator will be more willing to employ the 
low-cost remedy at'otheRsites'where environmental conditions warrant. Remedy A is the 
mosFexpensive and receives the lowest score. Remedy F is the least expensive and 
receivesXalscore of 3. k V3? 

i-' 

Assigned Values for Impact'on Cost 
Remedy Score 

1 ssr 

3 s i t e 

^Multiplication 
Factor 

Stakeholder 
Multiplication 

Factor 

Assigned Value, 
Impact on Cost 

A j #' 4 
B 1 4 
C 2 3 1 8 
D 2 8 
E 2 8 
F 3 12 

Evaluation of cost in ranking environmental responses is not unique. Kealy and others 
(2001) consider cost in their NEBA analysis. Natural Resource Damage Assessments 
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determine the monetary value of environmental impacts. Habitat Equivalency Analysis is 
used to determine how much land a responsible party may purchase to offset the loss of 
habitat (ecological service). For a price of $35,000 (the lowest cost remedy) we believe 
the operator could purchase ten times the area of impact (i.e. 3 acres) at a location of 
nearby "sensitive habitat" selected by the current surface owner. 

Remedy A 
Remedies B & 

E 
Remedies 

C,D Remedy F 
Sq. ft.footprint of release(s) 10,500 10,500 10,500 10,500 

Percent of footprint excavated 100% , *{4'0%"V 40% 30% 
Ft. deep of 1000 ppm Cl 5 $ 3 3 1 
Total cubic feet of impact 52,500 / 31,500 31,500 10,500 

ft3/yrd3 27 J6K 28i" its. 29 30 
Total cubic yards of impacted soil 1,944v ~- . * 1,125% • 1,086 350 

Expansion factor for soil jm 1.3 ^ ik 1 -3 1.3 
Cubic yards for transport X 1,463 m i ,412 455 

Yards/truck . I k 21 0 
Number of truckloads to landfill 1 2 6 ' ^ ^ W "VO 0 

Approx. cost/yrd excavation (remove 
and import soil) St$. 45.00 K. 

45.00 
$ 45.00 $ 45.00 

Approx cost/yrd haul to landfill ^ *$2$V 30 00 $ v 1 ^ „ 30.00 $ $ 
Consulting and Analytical f$ ^10;000.00 $ 15;0.00.00 $ 15,000.00 $ 20,000.00 

Total Cost $.173,333.33., $ 109f500.00 $ 63,879.31 $ 35,750.00 
AW 

Human S a f e t y , \ - . W • 
All remedies requireeqn;site earthwork and some vehicular transport. The safety threat 
posed by transport is greater thah\on-site earthworks^ this element can involve the 
public. Remedy A- requires'the greatest'amounttOi on-site earthwork and vehicular 
transport (waste to<=the landfill), we assigh'ediifa score of 1. Remedies B and E require 
lessjearthwork and transport than̂ Remedy A, and receive a score of 2. For Remedies C, 
D and^F|j|he only vehicular transportiinvblves moving equipment to and from the site. 
These threetremedies involve-about tKe same amount of on-site earthwork as B and E. A 
score of 3 wasjgiven to Remedies C, D and F. Human safety should be the most 
important factof^multiplicftion factor of 3 is assigned for the site and stakeholders. 

Assigned Values for^unfan Safety 
Remedy Score Site 

Multiplication 
Factor 

Stakeholder 
Multiplication 

Factor 

Assigned Value, 
Human Safety 

A 1 6 
B 2 12 
C 3 3 3 18 
D 3 18 
E 2 12 
F 3 18 
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Summary 
Table 3 presents the scoring of all remedies based upon the analysis presented above, 
listed from highest scoring to lowest. Remedy A and B are ranked relatively low and 
Remedies C, D and E rank highest. 

Remedy Total Score of all Weighted Values &' 
C 87 
D 87 

84 
83 

B 74 
% 69 

This scoring represents the opinion of one profesjiohal^d providesfa^tarting point for 
creating a final NEBA, which is a collaborativefcffort between variousfsfakeholders. 


