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l) The sodium-adsorption-ratio (SAR) is defined as NC(Ca* + Mg*/2)%, where Na*, Ca* and Mg*
refer to the concentrations of the designated soluble cations expressed in milliequivalents per liter. The
exaot procedure for SAR is found in USDA Handbook 60 (1953), pages 84, 88, 102 and 107. The
saturation extract procedure is found in ASA Mono. No. 9, Part 2, (Znd edition), 1982, pages 167 through
170. As stated, the soiVwater ratio is used because it is the lowest reproducible ratio for which enough
extract for analysis can be readily removed from the soil and because it is often related in a predictable
manner to field soil water contents. For the purpose of obtaining salinity related parameters (e.g., SAR)
the saturation extract is the given procedure.

2) Analysis of the water soluble cations is found in ASA Mono. No. 9, Part 2, (Znd edition), 1982, pages
173 through 174. The water soluble ions are anallzed from the soil-water extract. As shown on page
174, the concentration of cations in the original sample using the saturation extact is calculated as
meq/L in the book's procedure, not mg/Kg or meq/Kg. Our Soil Guidelines specifically mentions this
section for the soluble Ca, Mg, and Na parameters and the Guidelines specifically request that the values
be reported as meq/L.

3) As explained in the ASA Monograph and shown in the USDA Handbook (p. 107), saturation % is the
value obtained from the saturation paste and is the resulting amount of water per unit of soil. Therefore,
dividing the SP by 100 gives XgH2O/g-soil. Using this value plus the equivalent weight for each of the
cations, one can calculate from the given mg/I(g value the meq/L value as shown in the following:

Chris Hansen

(80r) 56r-1861
SAR Calculations
February 12,1996

9, including this cover sheet.
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From the desk of...

Robert A. Davidson
Reclamstion $pocialist, $oils

State ofUtah Dept. ofNatural Resources
Oivision ot Oil, Gas, and Mining

3 Triad Center, Suite 350
salr Lake city, uT 84180-1203

(801) 538-5264
Fax: (801) 359-3940
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ChaprGr 3, $ection G.?
Casde Gate Mine
Crandafl Canlron rbruary 199S

A sampling and analwis plan was develoF€d to evaluate tfie soils within the top four
feet of the existing ground flIrface at the facilitibs area and.in the 2 topsoil storage pites.
$ampling and anatyses addressed tfie existence of acid/toxic materials, tha suitability of the
soils as a grourdt medium, and the need for soil amendments. The samples were obtained es
epecified in the "Guidellnes for Toptoil and Overburden ManagemEnt" eromulgated by the
DMsion (19881. The samples were anall,zed for fie folfowing paramgrers.

pH
Becffical Conductivrty

, Saturstion Fercentage
Padicle Size Analysis
$oluble Ca. Mg. end Na
Sodium Adsorption Ratio
Sdenium
Totnl Nitrogen
Nirrate
Boron
lVlaximum Acid Pstential
Neutralizat.on potenti al
Organrlc Garbsn
Exchangeable Sodium
Available Water Capacity

' Rock ftagrnents

The analyde methods r.rseO nytne laboratoryto detennine pH, efectrical conductiv{ty,
pgtuble eahfum, magnesium, and sodium, total nitogen, and total organic cerbon were not.
those recorilnended in lable 6 of tFre "Guidelines for Topsoil and overburden Managernent".
Thesi'paramelers were determined using an EPA accepted laboratory mefrod fiiat allows for
ffte use of soil sample extracts atsoil/water ratios of 1:5. The DMsion guidelines rccommend
using Epproved A$A metfiods that require the use of saturated soil pastes. As describect by
Page (f 982' FagB t 681, though tre paste ecuaetion method is recommended for soil analyses
.used to Jetennine ooil cttaracteristics and will prwr-de more.accurete results, the $,cfracts of
$oif/wqter.ratio of 1:5 can be used. $ince the mcthods for analysr-s of t5e parameters liffed
in Table 6 of tfie gr.urdetiines are''recornmended" bm not required, flre results of tfie analyeee
reported in the soll evaluation dan have been rised to preliminarily determine the suitability

m 001
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and qrmnfi of the soils in Crandall Canyon to be used as substitute topsoil. rhe soit
' sampting progrsm and the results of the sarnple analyses are incfuded f,s Appendlx 3.7S-

The area encornpassed by Ptrase I reclamation is approximately 24-6 acres and includes
tfre leach field, the teach field access road (A-11, and the facilities erea (ffiiibtts 8.7-74 and
3.7-7Bjt, lt is arnicipAed that only the facilities area, approxirnately 18 acres, will require
appllcation of addidonal topsoil during reclernation. At a depth of 6 inches, this arefl would
require approximately I4,52O CY of topsoil. Topsoil stockpiles No, 1 and No. Z were
surveyed in the spn-ng of 1995 Elackhawk Engirreering), and fie topsoil avaifable frorn the
? topsoil stockpiles is 7Sg0 Cf (see Efiibit 3-7-SC dnd Table 3.7-10), However, there ls
sbme concern tlat stockpife No, 1 contains noxious weed seed. Therefore. onty the 668O

'cubic 
yards from stqckpile No- 2 was considered arrailable fqr reclamation. Sonsequenfly,

suffioient $tored topsail is not available to cover the facilities area.

The results of the soif sampling prograrn indicate that the soifs west of Shaft No. Z and
ffi$t of shaft No, 1 fiower pad areal contHrh as much as 60% rock in tfie upper 12 to 1g
inches of soil. At tfie time of the sampling prsgFam, vegetation appeared to be very sparse
in dre areas where excessive coarse fragmenG where fqund in tlre soils of tfie lower pad.

AdditionallY, I soil sampfe {EF1-31 was obtained frorn test pit EFl at a depth of gO' to 48'
below ground surf;acb, contained selenium at a concentration of O-t l mgftg. This
cohcenfiafionsligtnfyexc€edsthemsxfnum allowableconcentration of selenium,0.l bmg/kg.
a$ pst forth in burrent UDOGM guidelines.

The current reclamation plan for dris area of the faeiliu'es pad lncludes estebtishing fre
reolamation channd near tfie middle of tJre lower pad. To avoid using material as substiflfte
tspsoil that has excessive coar,se rock fragments and elevated selenium concentrations a,$
substltute topsoil, the applicant will sample soifs in the lower pad aree prior to reclamafion
coflstrustion activtties. At least three sf,mplaq will be obtained from the soils in the lower
pad. The location of the samples will be ihosen based on the vegetrtfon cover and apparent
coarEeness of dte eoils- Theworst case soils will be sampled and analyzed for the following
pararneters.

PH
Elecuical ConductMty
$aturation Percentage
Particle Size Arralysis
$oluble Ca, Mg, and Na
$odium Adsorption Ratio

007/004 3-74A
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$elenium
Total Nitrogen
Nitrate

. Boron
Maximum Acid potendel
Neufhfization potential
Organic Carbon
Exchangeable $odium' Available Water Capacity

, Rock Fragments

Soils found to be unacceptable to use as substifirte topsoit wilt be used as backfill
against cutslopes. ln tre unlikely event that none sf the soils In tJre lower pad area are found
to be, aeceptable substitute topsoil, the appticant will consider rrsing tfre rnajority of fie
availabls topsoil from stockpile No. ? to cover the area- The 66go cy of topsoil in stockpile
No- 2 would cover approxfmately 4 acres widr lz inches of topsoil-

The soils present west of $haft No.2 and the LF tenke (rniddte and upper pads) appear
to sustai'n rnoderate vegetative grovrth, The chemical and physical results of fire soil study
Indicste that these soils could be consldered. wl-th the proper amendments, as substitute
topsoil- Howener, the vegetation csrrenUy present in these areas may not be of sufftdent
qualityand/or quantity to meetfie standards of tfie r€furence srea described in Section 8.7-
E{61. Thls rnay be due to sewrf,l factors including over compaction of the soils. poor
vegeHtit/e diversity, excesstve grazing by wildlife, or adverse clirnatie conditions.

To determine the reason(sl for the apparent less-than satisfafitory estabtishment of
vegetf,ton in tfie middle and upper pads, a vegetetion field surdy wilt be conducted in the
spring or surnmer of 1996. The study will include qualitat'wly assessing the vegetation in
seleoted aresE of the middle and upper pads. Based on dre qualitative as$essNnent,,a
vegete-tion sampling program will be implemented in the middte pad, upper pad, and
appropn'fle reference area- Statisticalcornparisons of the vegetativg cover in fire rnlddla ano
upper pads wtth the reference area will be made. tf the results of tre compsdssn indicate
adsquatg sovel productivity [q present to meet reclametion standards, no further work will be
done. lf the resrdls of the comparison demonstrete inadequate yegetation, field triafs may be
eonducted to establish the proper rec{amation techniques needed to be implemented in thsse
areas *here eoil from the middle and upper pads is rrsed as substitute topsoil.

To firrdrer determine fire srritability of the soils in the middle and upper pad to be used
as ssbsdhfie topsoil, Cyprus will sampte tftese soils prior. to reclamation construction

ooTtoo+
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i-ctfviu'es. A random nurnbertaHe will be used to select to sarnple points from a grfd which
''shell hs establisfrcd over the middle and upper pads on loo foot centers- The semples wilt

be ana\zed for the i$*'s "Guidelines forTopsoil and
Overburden the recommended analyses The suitable
identffiEd in the uFPEr, middle' and iower pad areas wilt be-used to supplem€nt the ex'sting

fu-f4'

g680 cY of topsoil and make-up for the shoffall of appronimatety 7g40 Cy of evailable
topsoil for reclamation. Amendments to dre soils based on ffte soils investigatlon, Incfuded
as Appendlx 3,7S, may be necessary, However, the soil samples obtalned Frior to
reclamation construcfibn witl be analyzed and a final determination of the necee-qary
amendments to be added will be made at that time.

During reclamation constuuction, soil sampling will be perforrned at a rate of 1 sample
for everv ?.5 acres uf soil (at a deptfr of 6 inches)- The following parameter$ will be analped
aecordi,rg tb uivlbion guldelines: pH. elecffical conductivity, texture. total nltrogen, available
phosphorus',rnd potassium. Soil amendments will be added to the ropsoil based on the
results of the final eoil analyses.

If adequate volumes of suitable substitrrte tqpsoil can not be located during reclamation
consilruc{on' the operator may use soils frorn the sosth side of the leach field area to
supplemern dre soits ftom dre topsoil stockpiles. Immedlately prior to tle Etart of Fhase I
reclamation. the solt in stockpile Nq. 1 wilt be eveluated for noxior.ls weed seed conrent. lf
the soil is deemed acceptable. it will be used in the phase I reclamation erea, The rnass-
balance calculations for topsoil Ere surnmarized in Table g.7-lo-

Frior to spreading tspsoil. all accessible regraded areas will be searified to a depth of
18 to 24 inches bv deep ripping or sther approprlate methods. These efforts will reduce the
potenfi?f forslippaEe of tftetonsoil, increase moisture reterrtion, and prornote root penefiation.
The seed bed will be prepared r.rsing fire mectrenicat treatnents described in Section 8.7-
5(41(€)- seeding, will commence irnmediately after seed bed preparafion to rninimize the
Fqtential for erosion damage. If seeding i$ eleected to be delayed more tlran one month from
the cornpletion of firul grading, dte! mulch will be applied at ths rate of Z tons p€r acre to
protefi the soil from wind and water erosion.

The mHin access road (F-l ) will be reclaimed during Phase ll reclamation ecfivities- As
indicated in $ec'fi'on 3-7-5(3Xl l, topsoil used for reclamation of the road will be obtained from
tfie outslopes and base of the road, The availaHe topsoil will be sampled and anallzed at the

{"tr

007/oo4
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Chris llansen
(801) 561-r861
SAR Caloulations
Febnrary 14, 1996
9, inoluding this cover sheet

FfI * include<l witlt this fax is a tablc containing the SAR vg.lues for ttre ll5 soil:unater extracrs f,nd
calculate.d SAR values exhapolated forthe saturarion paste extracts, Note that all the calcul+ted SAR
values are withing DOGM guidelines. (I assumed 35% saturation fqr the first foru samples)

commens on soils eections (yow 12: lgpmrZll4lgf fax). ntl comments arc in relation to using the l:5
soil:water erctract date for pt[ EC, soluble Ce Mg end Na, and SAR inst€ad of DOGM's approved soil
guideline methods using saturarcd pasto extfacte as explained by your ctarifier supplied on ppl.l-+l:

' pp 3.7'{tr tflstT,Iower pad *r€* tcnt.* - \lV'ss the lowerpad aree incl$ded in the soil sarnpling data
found in appendix 3.7s using the l:5 extracts? If so, then we need to indic*te the same l:5 clarifier.

' pp 3'7-49' l*st {' middle end upper psd .., - Are the middle and upper pad areas the s*me as the
"existing ground surfacE at the fscilities area" ? If they arc, then I feel tlat edditional clarifioation is
ncsdcd for sampling within the top 4' and for using DOGM's approvd./recommended soil paste exfiaot
proced+re. Do we need to also mentlon here that the two topsoil storage pilcs witl be re-sampled since
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to: Chris Hansen

fax#:  (801)  561-1861
re: SAR Calculations

date: February 14, 1996

pages: 9, including this cover sheet.

tr'fl - included with this fa.x is a table containing the SAR values for the l:5 soil:water extracts and
calculated $AR values extrapolated for the saturation paste extracts. Note that all the calculated SAR
values are withing DOGM guidelines. (I assumed 35olo saturation for the first four samples.)

Comments on soils sections (your l2:l9pm,2/14196 fax). All comments are in relation to using the l:5
soil:water extract data for pH, EC, soluble Ca, Mg, and Na, and SAR instead of DOGM's approved soil
guideline methods using saturated paste extracts as explained by your clarifier supplied onpp3.7-47:

. pp 3.748, Iast t[, Iower pad area text *. - Was the lower pad area insluded in the soil sampling data
found in appendix 3.7s using the I :5 extracts? If so, then we need to indicate the same I ;5 clarifier.

. pp 3.7-49, last ![, middle and upper pfld ... - Are the middle and upper pad areas the same as the
"existing ground surface at the facilities area" ? Ifthey are, then I feel that additional clarification is
needed for sampling within the top 4' and for using DOGM's approved/recommended soil paste extract
procedure. Do we need to also mention here that the two topsoil storage piles will be re-sampled since
they were also analyzed with the l:5 exfract procedure?

. pp 3.7-50, finst t[, line 4, n... using the recommended ana$ses methods ,.." - Could we expand the
new text to say "... using the recommended analyses methods and saturated soil extract prooedure for
pH, EC, soluble Ca, Mg, and Na" and SAR"

. Appendix 3.7s, pp 9, last t[, Analyticsl Results section - Need to add the l:5 clarifier.

. Appendix 3.7s, pp 10, first ![, line 2, and pp10, second t[, line 4. SAR values - The SAR values
need to be corrected with the l:5 soil:water exhact SAR values.

. Trble 2, PHSIO-CHEMICAL PROPERTIES OF CRAF{IIALL CAI\-YON OVERBURDEN A}tD
TOPSOI. Soluble Cs, Mg, Na meq/L values and SAR values. - Add corrected data for soluble
Ca, Mg, and Na in meq/L and corrected SAR values. Include footnote to Table 2 to indicate that EC,
pt{, soluble Ca, Mg, and Na, and SAR are taken from l:5 soil:water extract and reference EPA
procedure.

From the desk of...

RobertA. Davldron
Reclamation Specialist, Soils

State ofUtah Dept. ofNatural Resourcee
Dtuision of Oil, Gas, and Mining

3 Triad Center, Suite 3$0
$alt Lake CitY, UT 8418G1203

(E01) 538-5264
Fax: (801) 359-3940
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