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APPRAISAL OF THE ACCURACY OF U. S. GEOLOGICAL SURVEY 

O-RE RESERVE ES TXMA TES FOR URA NXUM -VANADIUM DEPOSITS 

ON THE COLORADO PLATEAU 

By Ao . Lo Bush and H. K. Stager 

ABSTRACT 

The U. So Geological Survey has made estimates of the reserves of uranium and vanadium in the 

carnotite deposits explored by Geological Survey drilling on the Colorado Plateau. This report presents an 

appraisal of the accuracy of the reserve estimates for deposits in the Uravan mineral belt, the causes of 

inaccuracy0 and the significance of the estimates in terms of the total known reserves of the region. 

The appraisal was confined to deposits that contain ore reserves of 1, 000 short tons or more, classed 

as indicated and inferred reserves. To be classed as an ore reserve, the mineralized rock must be in masses 

1 foot or more thicko containing o. 10 percent or more u3-o8 
or 1. 0 percent or more v2o

5
• Reestimates 

of the amount of material in the ground at the time of the original estimate were made for mo~e than 30 

deposits. This was done where information on size and grade~ additional to that used at the time of the 

original estimate0 was available. This information incl1l!ded production data (both tonnage and. grade} 

and additional points of exposure0 in mine workings and drill holes. The reestimated reserves (revised 

reserves~ include production since the original reserve estimates, and, therefore, can be compared with 

the original estimates, to furnish a measure of the accuracy of the original estimates. This measure of 

accuracy is expressed as a realization ratioo' th.et, ratio of revised to original reserves. 

The reappraisal indicates that for individual deposits the original reserve estimates of both tonnage 

and grade r~nge from large overestimates to very large underestimates. However, the original reserve 

estimate for the total reserves of all the de~ts studied in the Uravan mineral belt is a very small 
¥ 

underestimate.: For the deposits studied in the mineral belt, the revised ore reserves are about 15 percent 

greater than or.iginally estimated. In terms of grade, the original estimate was o. 35 percent U 3o8 and 

\. 1. 80 percent V 2o5• The revised estimate is o. 35 percent'.tJgo8 and 1., 87 percent V 2o5o . ·~~imarily as a 

function of the increased tonnage of reserves, the amount of contained U 3o8 is about 15 percent greater, 

and the amount of contained V 
2
o5 is about 20 percent greater than originally estimated. 
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A little more th<\n 25 percent of the deposits contain over twice as much ore as originally estimated. The 

errors in estimation for individual deposits are mutually compensating; as more deposits are grouped into a 

single estimate, the amount of error decreases both in tonn.;Ige and grade. 

The ranges of individual error in the original estimates and rnt4average error are greatest for deposits 

originally estimated to be in the less~than-5, 000 short ton class, smaller in the 5, 000-10, 000 short ton 

class and least in the -10, 000-50, 000 ~hort ton class. Similarly the ranges of individual error and the 

average error are gteatest where the drilling is wide-spaced and the amount of information is least. 

The general source of error in the original estimates is the restricted number of points of observation 

(mostly drill holes) on which the estimates are based., This is complicatedby the variation of the ore 

deposits from an idealized uniformly tapering layer both in plan and in section, and by the erra,tic distribution 

of metal valu~s within the deposit. No mathematical correction can be applied to the reserve estimate to 

compensate for this sampling error. Within the framework of the exploration done by the Geological Surveyv 

increased density of drilling alone can provide better definition of these variations. 

As the deposits studied in the mineral belt represent a fair sample of all the uranium=vanadium deposits 

in the Morrison formation that the Geological Survey is finding, the realization percentages give~ above 

can be appiied with reasonable confidence to the total of the estimates of known reserves for all of the 

deposits found by the Geological Survey. This total estimate is one of the Geological' Survey's major 

objectives in the exploration work. As the error in the original estimate of total reserves for the deposits 

studied in the mineral belt is small, the methods of explor·~tion and estimation being used are adequate to 

achieve a l!'e~listic appr.isal of the total uranium-vanadium reserves of the· region. 
1• 
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INTR OD UCT ION 

Since November 1947, the Uo s. Geological Survey has been conducting diamond- and wagon-.drill 

exploration for uranium-vanadium deposits on the Colorado Plateauo Much of this exploration has been lln 

southwestern Colorado. within the area described by Fischer and Hilpert ( 1952) as the Uravan mineral be lt 

(figo 1) 0 Kn this belt. most of the deposits are in lenticular sandstone beds in the upper pan of the Salt Wash 

member of the Jmassic Morrison formation. 

An intergral pa~t of the Geological Survey exploration program. has been the estimation of tQe total 

reserves of uranium and vanadium in the explored depositso The individual reserve estimates serve as a basis 

for the leasing of deposits on Government-controlled land and collectively are useful as a measure of 

expectable productiono 

The present study has been undertaken to~ 1~ determine the accuracy of the reserve estimates; 2) to 

investigate the causes of inaccuracy and the possibility of correction of these inaccuracies; and 3) to 

determine the significance of the estimates in terms of total known reserves of the region. 

This work has been done on behalf of the Division of Raw Materials of the Uo s. Atomllc Energy 

Commissiono 

METHOD OF STUDY 

H is obvious that the accuracy of a reserve estimate can best be determined when the reserve block 

(the ore body) has been completely mined outo Only then can direct comparison be made between the 

estimated content and the actual content, as to both tonnage and gradeo Very few deposits on the Colorado 

Plateau. for whllch the Geological Survey has made reserve estimates. have been entirely or even significantly 

depletedo Kn this sense this study is premature. However, interest is in the present content of the deposits. 

as well as in the accuracy of the original estimate. not in a post-mortem knowledge of what the content 

or accuracy was. The study inust take the forl"l\ therefore9 of a reestimate of the total reserves of the 

deposit that existed at the time of the original estimate. This reestimate (the revised reserve estimate~ is 

based upon the production from the deposit since the original reserve estimate and upon consideration of the 
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additional information availableo By comparing the revised reserve es.timate with the original reserve 

estimate. an expression of the accuracy of the original estimate is obtained" The defini tions of reserves and 

the methods used in calculations are described in the appendixo 

lin general the deposits that are important :i.n terms of significant production potential are those that 

contain 1. 000 tons or more of oreo (All tons in this report are short tonso » The study was confined to these 

deposits. although a few depositsp containing 800 to 1. 000 tons of Ol!:'e also were includedo At the present time. 

the Geological Survey has explored some 70 deposits in the Uravan mineral belt which fall in this categoryo 

No meaningful reappraisal of the reserves in these 70 deposits can be made unless ·information has been 

developed additional to that avai1;1ble at the time of the original reserve estimateo SQch information inclu,des 

additional drilling and/or a significant amount of mining and de ve lopmento lin general. deposits were 

excluded from the study if production. since the time of the original reserve estimatep was less than 25 

percent of the original reserve estimate =lo A few de posits with production less than 25 percent were 

included whell'e information from additional drilling was availableo Under 'these requirements. 37 of the 70 

deposits mentioned above were included in the studyo 

The character of the production data for some deposits is such that it is not possible to assign pmduction 

accurat!lyo Thi.s necessitated gmupmg of some of the deposits and inclusion of a few additional -de posits. 

smaller than 1. 000 tons. ii!Jl some of the groupso The grouping :reduced the number of usable cases to 300 

All these depos-its were mapped. at scales generally of 1g480 or 1~ 600. to obtain information on 

extent of d~velopment. habits. thicknesses. and grades of the deposits and ore bodies. and their general 

tteridso This information. plus the additional drilling information. was compiled on maps showing the 

original infmmation available {drill holes. mine workings. ore deposit boundaries. and reserve block 

locations)o On the basis of the additional information. the bounda1ries of the deposits and the location and 

size of the oliiginal reserve blocks were redefinedo Thus the revised reserve blocks include the material in 

the ground at the time of the original reserve es timateo , 

=I Among the deposits excluded for this reason was the AEC lease to Barkley and Coo on reserve 
block 6. Club Mesa claim group. Montrose County. Coloo At the time of field e xamination U anuary= 
March 1953». this deposit had produced less than 1. 000 torn of an estimated reserve of 130 000 tonso 
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The revised reserve blocks have been deple te d to v rying degrees by mining since the date of the 

original reserve estimateo The de pletion. which is me as red by the tons of ore produced0 can also be 

expressed as a percentage of the revised res,e.rve blocko hus the content of the revised reserve block can be 

e xpressed in terms of tons of material present in the grou d at the time of the original estimateo By com= 

paring the revised estimate with the original estimate~ a expression of the accmacy of the or:Jiginal estimate 

can be obtained. 

In gerieral. experience has shown that after 19 000 o 10 500 tons of ore has been produced from a deposit. 

or in the case of small (less than 5. 000 tons~ deposits. a ter about 25 percent of the me has been mined. 

the cumulative grade of the pmduction iis a fair represen tion of the overall grade of the deposito Production 

was less than 1. 000 tom; in only four of the 30 cases stud· d. and represented less than 25 percent of the 

reserves in only two of these caseso Numercms exception to this generalization e xisted. particularly where a 

deposit was "high=graded•• in the early stages of miningo The production grade. in many cases. is probably 

slightly higher than the overall grade of the deposito Th difference in grade was nat considered critical. 

I 
however. and the grade of oll'e produced was used in ·mos cases as the grade of the reserves in the revised 

reserve estimateo T he validity of this assumption appe a to be bome out by the extremely close 

correspondenc~ of the average U 
3
o8 and V 

2 
0 

5 
grades of the original reserve estimate for aU the -deposits 

studied~Oo35 percentu
3
o

8 
and 1080 perce!I1ltV 2o5~ wh the average grade for the pw duction from those 

deposits ~0 0 35 percent u3o8 
and 10 87 percent V 

2
o 5~0 

The mines were mapped as of their state of de·ve lo ment oh Dece mber "31, 1952. To correlate with 

this extent of the mining. production data were used wit the same cutoff dateo 

About half the deposits were mapped and their res rves reapprraised by Stager. and the other half 

~y Busho Stager was responsible for the work at the Cal ity. Maverick. and Outlaw claim groups; Bush 

was responsible for the work at the Club. Georgetown. L wer. Charles To . and Legin claim groups ( figo 1~. 
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OF DATA 

The original reserve estimates were based largely n drill=hole data. supplemented in some cases by 

e xposures in mine wo!t'kirtgs and natural outaopso lin ge eral. the amount of information available for the 

reserve estimate is a function of the drill=hole spacingo A major objective of the Geological Survey's 

explora tion work is the discovery of ore de posits. and th estimation of their size, in terms of reserves 

that are not more precise than the indicated classo At t is level of precision, the spacing of drill holes is 

designed to outline the limits and to indicate the order f magni tude of the deposits with a minimum of 

drilUngo This drill=hole pattem is controlled by the ge logic interpre tation of the ore deposit and its 

expected habitso 

Commonly the drill=hole pattem consists of four ill holes at a spacing of 50 feet around a discovery 

hole. with additional drilling at a spacing of 100 feet to follow and outline the ore depositso m -other 

cases, six drill holes at a spa,cing of 50 feet around the iscovery hole were used. in places supplemented 

by other drill=holes at the same spacing. with additiona drilling at a spacing of 100 feeto Elsewhere 

Urnes of holes were drilled at intervals of 100 to 200 feet apart. across the trend of the deposit. with holes 

on 50=foot centers along the lineso 

Chemical assays for V 2o5 and U 
3
o 

8 
are availabl for alLthe m ineralized ru-ck cored In 

the drillingo Although core recovery varies from hole t hole, ·as well as from one lithologic unit to 

another within a single hole. the average core recovery or mineralized rock is probably about 80 percento 

The core recovery for barren sandstone is usually be tter nd iri many units i s_ 95 to 100 percento The 

position and thickness of the mineralized rock. there~or can often be de termined with considerable 

accuracyo despite core loss within the 1..mito The grade an be seriously distorted by core loss 9 however. 

a.s the richer matell'ial is commonly fine and friablea A artial correction for the lo~s of the richer matedal 

may be made through the use of gamma=ray data obtain d by probing the drill holeso 
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The revised reserve estimates are invariably based ri additional informationo The habits of the 

deposit can be studied in new or expanded mine workings the boundaries of the deposit are exposed in placesp 

* 
additional drilling in many cases is available so that the xtent and average thickness of the deposit are better 

knownp and the production record~ ·give a strong basis for he assignment of grades to the unmined oJre . 

Generally0 the data available for additional drillin clone by the mine operator are less reliable than 

forr Geological Survey drilling. Drill=hole locations may be less accurately recoverable9 chemical assays 

on the core are usually lacking. and data on the position nd thickness of the mineralized material. both i•n 

~ore and noncore drilling. may be somewhat less reliabl Many of these disadvantages, however, ·are at 

le ast partially compensated by the gre ater density of dril ongo · Xn some cases a major weakness exists in the 

production recorda Frequently the ore from several depo ·ts on a claim. or a group of claims, is grouped. 

and attributed to a general area, rather than to a specifi deposito It thus becomes impossible to assign the 

production accurately to the individual depod~ and the liability of the revised reserve estimate is 

weakened therebyo 

AC CU RA CY OF OR KGKN AL ORE RESERVE ES TXMAT ES 

The basic tool in the assessment of the accuracy of the original estimate is the realization ratio. 

the ratio of the revised estimate to the original estimate. Realization ratios have been calculated for 

e ach deposit( or each case studied» in terms of~ 1 ) tonn ge ratio; 2) grade ratioe u
3
o8 ; 3» content 

ratio. u3og ~ 4» grade ratio. V 2o5; ij 5» content ratioo v
2
o

5
o Ratios have also been calculated for 

each large group of deposits. for each disttictg and for al the deposits studied in the mineral belt. 

These data are presented in table 10 

Errors in the original reserve estimates de crease ge erany. as the number of deposits included in 

the estimate is increased. due to campensation of indivi ual enorso Estimates on individual deposits 

range widely in accuracy. from large overes timates to v ry large underestimates. Estimates for the 

mineral be ltu however. are well within the limits of ace racy expe cted. constituting a small underestimat~ 

progression is orderly9 the error is greatest on 

individual de posits9 Iess on large groups of deposits9 still less by districts" least for the entire mineral belto 
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For the entire mineral bellg this study indicates t at the tonnage of the revised estimate is about 

15 percent more than originally estimatedo There is al o about 15 percent more u
3
o

8 
and about 20 percent 

more V 2o5 Jln the revised reserves than in the rese~rves igllnally estimateda Expressed in terms of gradep in 

the revised reserves the average U 
3
o

8 
grade ( 0 0 35 perc nt~ is the same as the original estimate and the 

average V 
2
o

5 
grade ( 10 87 percent~ is slightly higher th n the original estimate ( 10 80 percent)o 

The Geological Survey•s reports on carnotite Irese es of the Colorado Plateau {See Unpublished reportso) 

have included the following statement (some with mino changes in wording)~ "Because of the variations 

in thickness ~nd grade of ore and the scarcity of sample datao the indicated reserves in any single reserve 

block might actually amount to as much as twice or as ittle as one=half the calculated tonnageo The 

limit of erroJr of the total tonnage for several blocks9 h ever0 is apt to be consider~bly lowero perhaps 

not more than 25 percent of the calculated tonnageo e limit of error in the tonnage figures for inferred 

reserveso of coursep is apt to be higher than for the indi ated reserveso The possible limit of error in the 

calculated or e~timated grade for both indicated and in rred reserves probably is somewhat smaller than 

the possible limit of error in the tonnage figureso " 

Tonn~ge 

T he data presented in table 1 and figur~ 2 show t at the above=quoted statement is substantially 

conecto The comparison shows that all of the deposits tudied actually f;Ontained ~according to the re= 

vised estimate), more than one=half the originally calc lated tonnage of both indicated and inferred 

reserveso The only deviation from the statement is tha a little over one=quarter of the deposits appears 

to contain more than -twice the amount of indicated and inferred reserveso Analysis of these obse~rvations 

is complicate d by the fact that the above=quoted state ent applies only to indicated reserveso where as the 

revised estimate coveirs both indicated and infened rese vesp and is based on production that has come from 

both classes of reserveso The type of infoll'mation on wh ch the inferl!'ed reserves are based allows for 

g1reater eno1rs than for indicated l!'eservesa This fact sug ests that exclusion of the inferred reserves and of 

the production from these rese~rve blocks would tend to ecrease theerror for indicated Irese~rvesp rather 

than to increase ito 
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The limits of error are smaller for groups of deposits than they are for single deposits. lin four of the 

eight large groups. the realization ratios for tonnage- of indicated and inferred reserves 'fall between o. 8 and 

1. 3. The other four all contain from Qne and one=half to a little less than three times the originally calculated . 

tonnage of indicated and inferred reserves. A'g~ra. _·exclusion of inferred reserves and production from these 

.Y · 

reserve blocks would pro~~lii~ ,_"decrease the error. 

Considered by districts. the realization ratio for two of the three districts is o. 9; the third contains 

over twice as much reserves as originally calculatedo For all the deposits studied in the mineral belt the 

realization ratio is about 1. 15. 

Grade 

lin general, the range of error and the limit of error in u
3
o8 and V 

2
o5 grades are considerably smaller 

than those for the tonqage of ore (table 1 and figs. 3 and 4). On an individual basis. almost three -quarters 

of the deposits have u
3
o

8 
grade realization ratios between 0. 5 and 1. 5, and seven=tenths of the deposits 

have V 2o5 grade r~~ltzation ratios between o. 75 and 1. 25. By groups, the u
3
o

8 
realization ratios of six 

of the eight groups are between 0. 5 and 1. 5 (a seventh has a ratio of 1o 6~ and five of the eight gmups are 

between 0. 75 and 1. 250 The V 
2
o

5 
realizatllon ratios of all eight groups are between o. 85 and 1. 1, and for 

six of the eight groups are between 0. 95 and 1. 05
0 

By districts, both the u 3o and v
2
o

5 
realization ratios 

. 8 

are between 0. 85 and 1. 1. For all the deposits studied in the mineral belt. the u
3
o and V ·0 realization 

8 2 5 . 

ratios are 10 0 and 1. 05 respectively. 

Variation with size of deposit 

A study was made of the accuracy of the original reserve estimates grouped by size of the oie deposits 

(table 2 and figs. 2. ~ and 6) 0 The deposits were classed into four categories~ 1} less than 5, 000 tons; 

2) 5, 000= 10, 000 tons"i 3) 10, 000=50, 000 tons; and 4) more than 50, 000 tons. The distribution of deposits 

in these classes is such that there are probably sufficient cases in categories 1, 2, and 3 to warrant some 

generalizations. With only two cases in category 4. it is not possible to make significant generalizations. 
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Table 2. Variation in accuracy of original n~~rve estimates, grouped by size of deposit 

Depoeit class Original reserve estimate!/ Revised reserve estimate1/ Realization ratios6/ 
Short Pounds Percent Short f>oB:£ldS Percent Tonnage Content Grade 
tons U308 V205 U308 V205 tons U308 ~205 U308 V205 U308 V2 5 u3o8 V205 

Less than 5,000 tons 50,740 278,750 1,815,100 0.27 1.79 103,900 676,800 4,112,100 0.33 1.98 2.05 2.45 2.25 1.20 1.10 
( 18 cases) 

5,000-10,000 tons 42,160 343 ,350 2,210,400 0.41 2.62 80 ,JOO 696,400 4,060 '900 0.43 2.53 1.90 2.05 1.85 1. 5 0 .95 
(5 cases) 

10,000-50,000 tons 91 ,610 661 ,950 3,427,500 0.36 1.87 76,200 604,CX)() 2,746,0CIJ 0.40 1.80 0.85 0.90 0.80 1 .10 0.95 
(5 cases) 

More than 50,000 tons 169,875 1,217,700 5,337,100 0.36 1.57 154,100 883 ,200 4,567,800 0.29 1.48 0.90 0.75 0. 85 0.80 . 95 
(2 cases) 

1/ Includes indicated and inferred reserves. 
Y Ratio of revised reserve estimat e to orieinal reserve estimate . 
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On the basis of the size of the reserve block as originally estimated, deposits thought to be in the less 

than 5, 000 ton class are underestimated in tonnage in about nine-tenths of the cases, and underestimated in 

both ~o8 , and v2q; grade in about two-thirds to three-ctuarters of t};le cases. In the 5, 000~10, 000 ton classo 

tonnage is underestimated tn four-fifths, and both UJQ3 and v2o5 gra~es are underestimated in three=fifths 

of the cases. In the 10, 000'-50, 000 ton class tonnage is underestimated in two-fifths, ~08 grade in three = 

fifths, and v2o5 grade in two-fjfths of the cases. T4e relative amount of error represented by the average 

realization ratios for each class decreases from the less ,than 5, 000 ton class to the 10, 000-50. 000 ton class. 

Variation with de n sity of drilling 

An analysis was made of the ~ccuracy of the original reserve estimates grouped by the density of 

drilling (table 3 and fig., 7)~ As is to be expected. denser drilling permitted more accurate reserve estimates., 

The density of drilling by the Geologlcal Survey has been described briefly in the section on "Character of 

Data". Most of the 70 deposits drilled by the Geological Smvey in the mineral belt were explored under a 

drilling plan (Type A) consisting of four drill holes at a spacing of 50 feet around the discovery hole. 

followed by other drill holes at a spacing of 100 feet (figa 8). Other deposits were explored (Type B) by 

six drill holes ~t a spacing of 50 feet around the discovery hole, followed by other drill holes at the same 
' I 

spacing. with additional drilling at a spacing of 100 feet oo so:q1e deposits (fig. 9). 

Of the 30 cases studied. 25 fall into these two classes of densiW of dr~lling ; there are ~8 cases of 
' ,, 

Type B drilling to only 7 cgses of Type A drilling. The Geological Survey has bsed three other drilling plans, 

one of which is illustrated in figure 10, but with only five deposits in these three classes, generalizations are 

not significanto lin four of the seven cases where Type A drilling information was used, the ltevised reserve 

estimate for tonnage is more than twice the original, and t'ij.e. range is up to eight times the original. Where 

Type B information was available, the revised reserve estimate was more than twice the original : tin c.m:iy\2 

of the 18 cases, and the ra,n:ge was up to only three times. The data also show a general increase in a~cuucy 

for both. lJ:308 and v2op grades in the cases for whicfl more information is available. 
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Table 3. Variation in accuracy of original reserve estimates, grouped by density of drilling and 3ize of deposit (see also fi e . 7) 

:h·illing plan No. of 
cases Short 

tons 

Original reserve estimate 
Pounds Percent 

Revised reserve estimate Realization ratioe 
anc de~sit class 

U303 V205 U303 V205 
Short 
tons 

Pounds Tonnage Content Grade 

Type ;J} 
Less t har. 5 , 000 tons 
5 , 000-lO,OJO tons 

Tot al s and 
wei ~hte averages 

Type r?f 
Le s thar. 5 , 000 tons 
5 , 000-10 , 000 tons 
l0 , 000-5 '', u00 tons 

':'otals and 
wei (,ht ed aver B{; e s 

1'Y OO cJ) 
~ r 
~ess thar. 5 , 000 tons 
l 0 , 000- 50 , JOO tons 

Totals and 
wei £hted aver ag es 

J.yf'e rft./ 
Les s than 5 , JOO tons 
: · ore t han 5 "' , 00 t on s 

Totals and 
wei:=: t e-.... aver~, es 

r I 

T/ r~ F2l 
:.: ore t. an 5.:.: , OX tor.s 

Tot a.;_ s and 
wei [;~ t ed av er ti[ es 

5 
2 

l l 
3 

l 
l 

2 

1 , 
..l 

2 

l 

11,400 43,700 
18 ,080 156,650 

29 ,4 0 200 ,350 

34 ,110 .208,350 
24 ,080 186 ,700 
71 ,61 5' 1 ,950 

441,900 
956,200 

1,398,100 

,234 ,700 
1,254,200 
2,727 ,500 

l29 ,SJO 937 , 000 5,216,400 

830 
0 ' . 0 

2 u , ·30 

4 ,400 
71 ,500 

1,85 
120 ,000 

121 ,850 

24,850 
529,100 

. ) , 900 553,950 

., 

24,1 0 
700 ,ooo 

724 ,100 

114,400 
3,074, 500 

3,188 ,900 

98 ,375 68e ,6oo 2 ,262 , 6 

98 ,375 2 ,262 ,600 

0.19 
0.43 

0 .34 

0 .31 
r .39 
0 .38 

1.94 
2.64 

2 .36 

1.81 
2 . 60 
1.90 

31,100 
55 ,400 

86,500 

55 ,300 
24 ,980 
63,200 

176,100 
367,800 

543,900 

412, 200 
328 , 600 
528 ,600 

1,131,600 
2,617,700 

3,749,300 

2,410,800 
1,443,200 
2,34 ,400 

0.28 
0.33 

0 .31 

0 .37 
0 .66 

.42 

1.82 
2.36 

2.17 

~.17 

2.90 
1.85 

~ 2 .00 143,400 1,269,400 6,194,400 0.44 ~ 

0 .11 
0 .30 

. 29 

0 . 28 
0.37 

0. 37 

1.45 
1 .75 

1 .74 

1 .30 
2 . 15 

1:86 

18 ,900 

ll , 600 
72 ,200 

"3 ' 00 

. 35 1 . 15 8l ,9 0 

0 .35 l . l5 81 ,900 

18,900 
75 ,400 

94,300 

69 ,600 
375 ,400 

445 , 000 

217,100 
405,600 

622 ,700 

352, 600 
2 ,454 ,800 

2 ,807 ,400 

0.16 
0 .29 

0 . 25 

0 .30 
0.26 

0 .27 

1.84 
.56 

. 52 
1.70 

1.68 

507 ,800 2 ,113 ,000 .31 1.29 

507 ,800 2 ,113 ,000 0 . 31 1 . ~9 

2.75 
3.05 

2 .95 

1.60 
1. 05 
0 .90 

1 .10 

7 . 10 
0 . 65 

0. 90 

2 . 65 
. 00 

1.10 

.85 

0.85 

y C' !l e cycle of four dril hol e s around di sc ov e r:,· · ole , at 5J-foot s :Jac :.ng ; su sec:uent nol e s at 00-foot s pacing . 
y : r.e r :-.. or e c .. :cl ~s of six dri ll hole s around discov er y ho e, t 5' -foot s . acinc: ; subsec:uent ho ..... es at 100-fc t s pa.c in£ . 
:J. Cne cr r:~ o re cycles of ' r ill ho l~.; s around discover~· ole at 100- f oot s acing ; su bse c.;uent hole s at 100-foot s r acing . 
~ '-- ne or ). ore cyc l es o ,.. drill hol es ar ound discov r ' ' hol e at 100-foot s ~' o.ci ; subsequent ~ole s o.t 15 to 2CJ-foot s r:e:cin t; . 
tU uri l l hole s 5v to lOC f eet a. art , at.ong l i nes 200 f eet a . art . 

U308 V205 

4.05 
2.35 

2.70 

2.00 
1.75 
1.00 

10 .20 
0.65 

0 . 75 

2.55 
2.7 5 

2 .70 

1.95 
1.15 
0 .85 

9.00 
0.60 

0 . 85 

3 . 10 
0.80 

1.45 
0.75 

0 .90 

1.20 
l. 70 
l.1C 

1 . 45 
0 .95 

0 .85 

1 . 05 
o. 70 

0 .75 

0.95 
0.90 

. 90 

1 .20 
1 .10 
0 .95 

1 . 25 
0 . 90 

v .95 

• 5 
-.eo 

. 9 

·, 75 0.95 C. 90 l ol "" 

v.?5 0. 95 ~ . 90 1.10 
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CAUS:ES OF IN,ACCURACY 

Both the original and the revised reserve estimates are subject to error. ln general, the camses of 

error differ for tlle type of estimate, b,ut one major cause of error is common to both-the restricted number 

of points of obse__!t'vaQ.on (sample points) on whllch the estimates are based .. 

Original reserve e st imates 

I 

The density of sampling is the most important factor controlling the amount of error in the original 

reserve estimateso fn general, the drilling is sufficient to indicate the approximate outline and exte:nt of the 

ore deposit, but in specific cases, the ore bodies may extend between barren or weakly mineralized drill 

holes for a significant distance (fi& 8 and 11). The drill holes may not adequately sample or may not 

. even penetrate the parts of the deposit that constitute the ore bodies {fig. 8). 

The drill core sample&, in addition~ may not be representative of the average thickness of the ore 

body or of its average gudeo Core loss in drilling may result in :significant misinterpretations of the thllcl<~ 

ness of the mineralized rock. Also the more richly mineralized rock ~s generally softer and more friable 

and hepce is more suqject to grinding and disintegration. Core 1oss, therefore, is frequently concentrated 

in the more richly mineralized rock, so that the apparent grad~ of the sample is le~s than the true gradeb 

lin mo~t cases, the . ~ption that the deposits ~and ore hodies) are uniformly tapering tabular 

layers, essentially parallel to the bedding of the host sandstone, is used in calculating the reserve (fiSo 9). 

Other limiting conditio,ns·.are also aswmed; for example the edg~ of the deposit is assumed to be midway 

-
between a sample point in barren rock and a sample point in mineralized rockc Deviations in form, shapeg 

and habit from these idealized conditions introduce errors in the reserve estimate (figs. 8 and lO}c 

Revised reserve estimates 

The::revised reserve estimates also have their basic source of error in the restricted number of points 

of observation. The influence of t¥s distribution is less pronounced than in the case of tlie original 

estimate, as the prerequisite to the revised estimate is additiona' informationc Additional drillill1g by the 
\" 
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operator frequently outlines both the deposit and the ore bodies far better (fig; 11)~ The mine workings 

permit a more accurate assessment of the habits of the deposit, and the concentration and size of the ore 

bodies (fig. 9 and 10)" In J1.1.any cases, however, the thickness and grade data available from the operator"s 

drilling are less reliable than data from the Geological s
1
urvey"s drilling, because of difference in objectives, 

technique, and the usual lack of chemical assay data. 

Major use is made of tbe production data in revising the estimate of tonnage and grade given in the 

original reserve estimate. Several oppohunities for error in the revised estimate may result from the 

character of the production data" In miny cases the production record cannot be broken down with 

sufficient reliability to permit the accurate assignment of production to individual depositso In s:uch rc.ases, 

the production must be estimated for each deposit, or the deposits must be grouped and a combined depletion 

estimate for the group must be made. It is obvious that additional uncertainties are introduced in either 

case, both for tonnage and for gradeo Such uncertainties, however, are thought to be small generally and 

certainly do not invalidate the overall picture presented here. 

Nearly aU the mine operators attempt to hold to a shipping grade above 00 20 percent UaOs. 

Although the grade cutoff used by the Geological Survey in it;s estimates is 0., 10 percent UaOs(the lowest 

grade that is being purchased by the AEC~, the average grade of the reserves at this cutoff are generally 

above 00 20 percent U30go Thus the material mined and that for which reserves are estimated are comparable. 

En some mines this unofficial cutoff is o. 30 percent Q30s grade of the mined rock, . therefor~ • . may be.some-

what higher than the grade of the ()tt'e body figured at the OQ 10 percent u3os cutoff. This fact has been 

taken into account in the revised grade estimate for the few deposits concernedo 

One other factor affects the use of the production data-=the d!l'u.tionc of ore by waste. The effect of 

this source of error is relatively minor, as the methods of reserve estimation used by the Geological 

Survey make allow,ance for a certain amount of dilutiong 
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CONCLUSIONS AND RE G OMMENDAtXONS 

The accuracy of the Geological Survey•s estimates of tptal indicated and inferred reserves, for the 

30 cases swdies in the Uravan mineral belt, fall well within · the defined limits of error for indicated resene 

alone, and indeed -fall almost entirely within the defined lim:its of error ( 20 percent) for measured resen es. 

The limits of erll'Or and the range in error are greatest for reserves on individual deposits, less for .reserves 

on groups of deposits, and still less for reserves of disttictso Et is obvious that the inaccuracies involved 

are lar~ly compensatingo to the point of very little error if a sufficient number of deposits are considered. 

The 30 cases considered ip this study Pepresel!lt a fair sample of flll deposits on which the Geological 

Survey has made reserve es timateso They include: 1) deposits ranging from slightly less than 1, 000 tom 

of reserves to more than 50.000 tons ; 2) deposits where all the informati<,:m comes from d,ill-hole samples 

and deposits where a larger part of the information comes from extensive mine workings; and 3) depo~ it:s 

where the dr~ll-hole ~amples come from close-spaced, medium-spaced, apd relatively wide-spaqed holes, 

or any combination ofthese. As such, the realization ratios determined for the total group' of cases cst.n!M:e:d 

can be applied with reasonable confidence as coJrre·ction factors to the total of the indicated apd inferrea 

reserves estimated for all the deposits discovered or explored by the Geological Survey. These realiziltion 

ratios are about 10 15 for the tonnage of ore11 10 15 for the amount of contained u. 0
8
, and 1. 20 foil' the 

3 

the revised estimates are 00 35 percent u
13
o8 and 10 87 percent y 

2
o

5
• 

Correction facto;s cannot be applied to the individual resbrve estimates. On a numerical basiis, in 

abol!..Rt two ol.llt of every three cases the tonnage of reserves was underestimated; the range of the r~aUzation 

ratios is from about 1. 0 to 8. 00 Jiowever, jn two-thirds of the cases whe~e the tonnage ?f reserv~s was 

underestimated, the range of the realization ratios is from 1. 0 to only 20 0. The rta.nge of the realization 

ratios for overestimated reserves i$ from 00 6 to ne~rly lo 0 • Thus any single correction factor designed to 

reduce the ermr of underestimate will increase the enor of overestimate in one of every three cases., 

The range and distribution o( error for the estimates of grade and amount of u3o8 and V 
2
o

5 
are similAr 

to those for total tonnage of ore, and these errors, ~s well, cannot be remedied by applying single cottec= 

tion factors to the individual depositso 
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The realization ratios for e~ch group of deposi~ studied can be applied with a measure of certainty 

to the _tot.lllndicated and iD:ferred reserves of all the deposits in that group. The reliability of the rat!~s 

increases 'with the number of cases used in determining the ratios. Tluls for the Charles T., Legln, and 

Calamity claim groups the ratios are more reliable than those for the other claim groups (table i and figso 

2, 3, and 4). Still more reliance can be placed on the realization ratio for the reserves compiled by 

districts., The ITravan district is represented by only three deposits at the Club group, and is, therefore, 

an exception to this generali2;atioflo 

One. of the Geological Survey~s major objectives in the exploration work is the appraisal of the 

uranium .. vanadium resources of the Mordson formation on the Colorado Plateau. The study indicates that 

the accurA.cy of the appraisal of the total known reserves is gooa.. As such, the methods of exploration 

and estimation being used are adequate to achieve the desired objectives. 

Within the frar,newo.rk of the exploration done by the Geological Survey, increased accuracy in the 

estimates can only be obtained by increased knowledge of the geologic habits of the deposits, and this 

is largely dependent en an increase in the amount of information available at the individual deposit · 

level- ~supplied by additional and more closely spaced drillin~ So long as the major interest is in the 

overall appraisal, the present methods are adequate"- Increased accuracy on individual deposits will 
l 

increase the accuracy for each succeeding grouping of deposits. but the significance of this increased 

accuracy decreases for e ach succeeding grouping as the amount of error involved under the present 

methods also decreases markedlyo 

One recommendation can be made • . however • . The last two paragraphs of the section on-reserves 

in the appendix descll'ibe the method of calculation used where thin layers of waste or low-grade 

mineralized rock are interbedded with lay~rs of oreo Such layers of nonore rock have been excluded 

from the calculation· if they are 1 foot or more thick6 In actual mining practice at the present t ime, 

these layers of waste or weakly mineralized rocks, as much as 2 feet thick~ are blasted and shipped with 

the ore, if the ore layers are at least 6 inches thick, and the overall average grade of the rock is at 

least 0. 26 percent ~08, -U theJ.ridividual ore layer§ are 2 fee it or monr tQ,icl'., _ the ore a:nd ~onore -

mck .are blasted s.eparately, ·~and the nanore H:lck_ go.es to the:'!dU.nlp. 
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Therefore, it is recommended that the calcula.tions be amendedo The present practice should ~e · 

continued fo1r n:onore layers less t'9an 1 foot thick, and in addition, non,ore layers less than 2 feet thick 

should be included if poth the enclosing ore layers are from 6 inches to 2 feet thick, and the: overall 

weighted average grade of the three unitS is more than 00 20 percent u
3
o

8 
and/or 20 0 percent V 

2
o

5
0 

'rhh will tend to increase the tonnage of resenes, and to decrease slightly the average gradeo The effect 

On the accmacy of the reserve estimate is dependent on the individual deposit, but the type of material 

considered to be a reserve w:ill more closely approach the type of material shipped to the millo 

APPENDIX--RESERVE DEFliNITXONS AND METHODS OF CALCULATION 

Reserves 

The general philoso.phy and the rules for calculation of reserves have been described by Stager 

( l949», ~ush ~ 1950). and otherso (See Unpublished reports.,) Much of the follo.wing discussion is quoted 

The terms .. indicated .. and "inferred'' reserves are applied to the uranium- and vanadium~bearing 

matedal in the deposits that are known from exposures in natural outcrops, mine workings, or drill holeso 

These lt'eserves are supdivided by thickness and grade cutoffs an.d the methods used in calculating them lis 

expiained belowo 

Although reserves are not classified according to. their availability for mining. consideration is given 

to cmrent mining and millllng practices in selecting the higher grilde and thickness cutoffso This is done 

to obtain figures for a c~tegory of reserves that will express as nearly as possible the tonnage an.d grade of 

~b.e material that actlllally might be mined from these deposits under current conditionso 

Bo.th chemical data from as~ay of drill cores and gamma~ray . data from probing of drill holes are 

used in classification of the ore-bearing rock as to thickness and grade": 
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Definitions 

Known reserves are classed as indicated and inferred.. Owing to the erratic variations in .thickness 

and grade of carnotite ore within short distances, and the general lack of abundant sample data for 

individual reserve blocks, the amount of reserves that can be calculated within a small limi.t of error, 

and thus can be classed as ''measured .. , is so SfDall as to be nearly negligibleo Therefore, reserves that 

might be classed as measured are included with indicated reserves. 

Indicated rese.rves are those for which the grade is computed from drill-hole samples0 exposures in 

mine workings and natural out-crops, gamma=ray logs, and production data, and for which the tonnage 

is computed by projection for a reasonable distance on geologic evidence from points of exposme 

(drill hQles, mine workings, and natural out~crops)o Inferred reserves are those for which quantitative 

estimates are based largely on broad knowledge of the geologic cP.ar acter of t.he deposits, and for which 

there are, few, if any, _samples or measurementso 

·,f h:i ~n~s.sf cutoff 

Although mining practices vary from place to place in the region as well as with individual 

operatolt's, under curre~t conditions most ore bodies of average grade are being mined to where the~ pinch 

to a layer abo1U!t.l foot .thick. Reserves0 therefore, are calculated with a thickness cutoff of 1 footo Layers 

of material less than 1 foot thick are mined in places if the grade is higho The tonnage of rriinable 

materialles~ than 1-foot thick is small with respect to the total reserves, ' and for that reason reserves les.s 

than 1 foot thick are not calculat~(do 

Grade .cutoffs 

. . 

The deposits contain two metals ofeconomic value, urail1um and v~n~diumo Wfthin the 'deposits0 

the two metals are so erratically distributed that a single sampleD such as obtaine-d from a drill hole, . 

is not necessarily representativ~ of the grade m: metal ratio of the material near the point sampledo 

Knowing-this by experience, the mine!\ will drive to a drill hole that sho.ws a good value in vanadium 
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e ven thouph the uranium content of the sample might be negligibleo Thus the material in the vicinity of 

this sample must be classed as a reserve, eve n though the sample shows a value fot only one metal. Under 

current price schedules, the vanadium content of the o~e represents an appreciable part of the ore's market 

valueo Both metal$D therefore, must be considered in reserve appraisals and in selecting g~ade cutoffs. 

Reserves 1 foot or more thick are classified by two grade cutoffso The hi~her cutoff used--0. 10 -percent 

u
3

o 8 or 10 0 percent V 
2
o

5 
- --;eoResponds to the Atomic Energy Commission purchase cutoff for , uranium and 

the mill cutoff for vanadium used by the majoJr proces_sing companiesb Reserves also are figured on a lower 

cutoff--00 05 pe!rcent rr3o8 or 00 50 percent v~o5--on the possibility that conditions in the futur.~ might 

demand car permit the mills to accept low-grade ore. 

Calculation of tonnage 

The method tised for calculating the volume, and hence the tol:mage, of reserve unit 1 foot or more 

' thick differs wllth the geologic :ti:nerpretation of the form of the deposit. Some deposits ~re roughly tabular 

or lenticular, so that projections can reasonably be made between drill holes, and the average thickness of 

the drill-hole samples tha~ ,ean be combined within a specifiE(d grade class can be assumed to be the average 

thickness of the resen e unitto Other deposits consist of small bodies of ore of minable thickness, connected 

'" by layers of mineralized sa!IT!dstone that are too thin to mineo 'Reserves are estimated by-assuming that each 

ddll hole in ore indicates a single minable body that is comparable in tonnage to the average size of the 

ore bodies that have bee n mined nearby, or that the deposit contains a compa.rable tonnage per unit area to 

that of a deposit that has been mined nearbyo 

The tonnage of indicated reserves !s computed by projection for a reasonable distance on geologic 

evidenceD The distance that indicated reserves are ~rojected, both between and beyond drill-holes and 

other sample points varies with the geologic habits of the depoSJi.tso Reserves are classed as inferred rather 

than indicated if they are projected farther than the limits chosen for the indicated class. 
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Although a single drill hole in ore obviously permits the designation of some tonnage of indicated 

reserves, there is no reasonable basis for proje cting an indicated reserve block more than a few feet from a 

single hole, Rathei!' than calculate such an indicated reserve block separate ly, or assign a small arbitrarily 

selected amount of indicated reserves to a single hole, the reserve block is projected to its assumed limits 

and the ore calculate d and classed;as iliferredo 

A constant of 14 cubic feet per ton is used to calculate tonnage. 

C alc ul ation of grad e 

The grade of indicated reserves in a single block is calculated by weighting the assay -grades by l~?.ngths 

of the samples. U the deposit has been mined in pan, the gude of the ore produced is also considered in 

establishing the grade of the adjoining reserve blocko In reserve blocks containing only one or two drill 

holes. however, if the core assays are appreciably higher than the average grade of the ore mined nearby, it 

may be assumed that the drill penetrated abnormally high=gJrade parts of the body, and an estimated grade 

may be assignedo The grade of the samples in an inferred block is considere d but is used in conjunction 

with the grade of production from nearby mines, or from the area as a whole, 

Strict grade cutoffs are used in calculating reserves 1 foot or more thicko Except as noted in the 

following paragraph. no material be longing to a class with a lower grade cutoff is included with material 

of a higher cutoff class, even though the weighted avera·ge gude of the whole is above the cutoff grade of 

the higher classo 

In mining. layers of waste or of low-grade mineralized material, less than 1 foot thick, would probably 

be blasted with the enclosing layers of meo Some of this material might be picked out by hand, but most 

of it would go to the p1ill with the ore. U the aggregate thickness of this interbedded ore and waste is 1 

foot or less thick, i t is included in calculating reserves. thereby increasing the thickness of ore, but 

decreasing the grade proportionate ly, This ore is classe d according to the grade of the weighted average . 

H the waste is more than 1 foot thick, it pwbably would be blaste d separately from the ore layers in 

mining, and thus ore layers more than 1 foot apart, wHh waste or low=grade material between. are 

calculate d as separate ore bodieso 
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