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THE NON-ENDING HELIUM STORY

£. F. Hammel,* 4. C. Krupka and K D. Williamson, Jr.

I3s Alasos Nationa! Laboracor:, Los Alamos, NM, USA

av an acequate supply of helium is of importance to cryo-
eng.reerirg is obvious O everyone present at this conference.
Wrhy there is a ron-ending he-iua problea - or more
specifically why “elium supply proolems have arisen in the
Past, uhy they may # 9%¢ again ir the future, what ars those
prci.ems and what solutions appear to exist - is more

-a2azed. Tc answer these questions this paper is divided
<ntc three sections: resource avai_ability, the demand for
Fell arc the supply of hellim.



Helium was first fond w2 exist on earth Dy Sir Ailli:zx ?'msey in 1895 among the
zases raleasec frox 3 radicactive xineral upen rneating with sulfuric acid. Later in
<n2t same year, neliZ wWas disccvered Dy H. X3yser+ TS te a comoonent of the natural
22825 evsol.ving f-cm 3 AWilclrtad spring in the 3lack Forest. This discovery
immecziztaly suggestes that heliur cught alsc tc be a compcnent ¢f the atmosphere and
==is excectatizn was corfirmed in Kayser's same 1895 caper. Since these initial
sis>cveries, nelium, in volude per cen: ccneenstrations up <o 16%, has been found in
nasural gases throughout the world. Unfortunately, however, the estimated total
arcunt of nelium in these very high concentration reservoirs has turrned out %o be
—=g--g ibly small. It was nct until 13€35 that H. P. Cady?® of the University of

ansas identified helium as = ccxpecrient of the gas con..ained in a large natural gas
"eservo in Dexter, Xansas. The concentration of helium in that gas was almost 2%.
Jespite the Zdiscovery that relatively large and rich ’er"'est’."ia1 resources of helium
existed, ornly small amounts of the gas were produced {prizarily for scientific
investigation) curing the next decade. The first effcrts to produce helium in large
juartit_es from natural gas were initiated in Canada in '915 and in the United
States during 1917 for military use in lighter-than-air craft: observation
callcons, barrage balloons and dirigibles. Although these efforts were successful
in. cemcnstrating the technical and economic feasibility of large scale helium
;rocuc:i:' from so- called helium-rich (>0.3 vcl.%) natural gases, the November 11,
*9°Z Armistice ceccwrres before erough ¢f the gas had been produced tc permit its
usilization. fFrom a ,,.'actical stancpoint, however. it had been demonstratecd by the
f.rst guartar of the 2Cth century tnat nelium could be produced in large quantities
an= a3t reascnable ccst from heiium-rich natural gases and it had als» been
2isccvered that, througn some quirk of nature, most of the world's supply of high
=~elium concentraticn natural gases were concentrated in the southwestern portion of
tne (nitecd States. From a more general standroint, the world resource situation
#ii respect tc helium i{s summarized in Table 1.

Since the present world annual consusption of helium (2x10%¢c* or 6x107m’) is only
12" % of the world's heliur resources, it would seem at first sight that no helium
supply prodlem could nomsibly exist. Unfortunately, this conclusion is incorrect
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ang, ©2 understand Why it :Is "'lccrrec 1* is necessary to examine more closely the
tecnnical anc¢ ecoromic feasibility c; Xxtracting helium from each of these
terreszrial categories.

Tre guickest inC easiest categIry o lispcse of Is the hydrosphere. CTespite the
fzct that it contains about one thousanc times the world's current annual production
sl hellim and cespite the fact that the Spurce material is wniform in conceniration
and -as..,r accessib.e, chrtair x5 m /yr of helium from the hydrosphere would

T
invclve prccessing annually (with % extracticn efficiency) an amount cf sea water
guivalent T2 azcut T3 cf tne Mezizerrznean Sea!

A seccns categeory, the atacsghere, (s alsc c;".a."ac:erized oy easy accessibility and a
inifcrx nelium ~~ centratisn., Irn zdzizi the exiraction technology is alreacy
ceve.crzel anz nence availstble., The prizary ;r‘cble* with atmospheric exirac:tion is,
nc4ever, 2malCgIus I tnat Wnich precludes serious consigeration of hydrospheric
=x’:‘::::i:r.. marely -he Ilzmense zmcunt o the scurce material that must be processed.

alin =z nell.z ccneentraticn inm o 2ir <f ornly S ppm, approximately 20C,000 volumes cf
zir Zust 2e treszzed ‘zgzin 3T "Ll% ex:tracticon ef:‘zc'ency) ~0 yield ' vclume of
sellus.  ALtncuLgn Lt W&ill te c:s:'.; *Z progcuce helium from the atmcsphere,
exz.oizzticn of <his sCurce =z3y Lltimztsly Seccme necessary.

Tme lzst maicr 2ztegory Ts o oonsizer s tn '.'.::*e"-."e, gererally defined as :tne
gzrin's TorustT® Clus Tne Uprer rigiZ torticn ¢f tn =. Tre surface separating
Tne rigiz zeortizn zf the mamtle fro;otne zlzstic pertion is called the Mencrovicice,
r Mcnz, Z2isoconmTinulty. ADITTXLTETelw r:% cf thz 2artr’s nzlium inventery resides
i Tne litrcsgners znz of that, zzout 3% Is bellisvs: tc e trapped inm the crustal
IEmecus rioks. The n=lium ointent of these rIoks seLIim exceeds abeut 7T em g,
2ITNCUED TLIn DLENEr CINQEnTTETLINS nave been gonfirmed in radizzetive migeral
I202SIts sucn 2s sangItons Upls cres -TUI3 emil/g,, thoriznite (3.3-72.% em Vgl,
gl ey — sesTZe= Ll wo, Tl

A LlTnlz zritrmetic EMIWS it The sxtrzcticn P ozmeounts f rnelium from ocrcinary
LETEILE INIIAS WILlZ Te rCZsls2Sly EXgfensIve., TIr =xamols, TC cotain fromothas
2I.rls Thg Cresent WwIrll oarnuzl consumsLicn of nelilm o woulz Lnvilve Trogessing With
TII% exTreotion 2fficisncy 2hcut IID kT S roOK Ter year  =TULVEIENT T 2 rOCK cube
T L& oInozsize.:

AZCUT = l223Z2 3gT TWC oI Tne gressnt zuthnlrs TZLFLEL 3nc M.C.Y,) examined th
Jezsifility of ccllecting trs nelilm relsaseld SUring wrEniun mining cosraticns.
izzizielly, wraniuzm cres ocntzin 1285 nelilr than other radizaltive minerals, but ia
TnlS I38s Tne nining, SIllirg ant ls32nnE srocesses are c.—:rr'; 2 out T2 cctizin the



e cmwer aw weaaTU WiC FONOOroviclc,

- reeewy WaDGULLINLITY. ADproximately ~6$ cf the ear:-'s helium inventory resides
in the _lthcsgrhere anc of that, aoout 35% is believe: o be trapped in the cruav.a.
ignesus rcoks. The helim oonrtenmt © .r.ese rocks selZcm exceeds abou: 1C7 " cm /g,
=2:rc..5 =Lk higher cocneentratizcns have been confirmed In -acloactive "'i:;e."al
sescsits suen as sangsiine Ual; oresi- .13 cm®/gl, therianite (3.5-1C.5 cm Vg),

merazite (7.2-Z.- om? 2., =22,

~ Ziwtle arith=etio shcws nzt the extraziicn cof amcunts of nhelium from orcinary
LETSCUS TIZA: wCull Le nCrelsessly exgensive. Tor =xa-;-_, =0 obtair frcom zhat
2ourcs the gressnt world annusl ocnsumpizn of "'e-.'..r WoOu.Z involve grccessing With
"LI% =xirzotion e:f::-e': ¥ z-cut 220 «m® =f roek cer year sguivslernt s a rock cube
£ «& o a size,’

RZZuT = Zecacde ags twWwo o the nresent zuthors [Z.F.H. ang M.C.K.) examined the
fezsit llity of ccllecting s helium re_ceasec during wraniuxz mining cperaticns.

Asziziecly, wraniuz ""es ecrntzin less helliur than other radioactive m- lers’s, bSut in
Trl8 2382 Tne mining, Silling anc lsacning Srocesses are carried out Tl C€dtain the

~raniuz; nence Dy-prcocucts, sugn z3 nellium can te —ncovered rnla"vely

imsxyersively. we fcund tha:, for an ore ccntaining apprcoxizately C. 2! Us 3 the
T3Xixum zmownt of rellium trat could be extracted was about 1 cf/ton (9.0 /mefrl.c
Cn;. ouring the =ic-7970's, in the heycay cf the uraniur mining indust.r: in the

S, preccuction nad reachec about 1C° zons of uraniux cre per year. But even then,

rac a__ ol the hellur re.easecC curing the milling and leaching processes been
rencveres, '*:n tctal producticn from this source weuld have satisfied less than '3
ol zemanz., Today tne rercentage would Se much smaller. Since, of all of the

ralicgeniz cres, conl; ""c'== corlaining wanium are being mined in relatively ‘a.v'se
jaantitles, since trhese juan:tities are capable of providing only a trivia. amount
tcy-procuct rtellum (comparec witn wWer.d cemand) and since the cost of mining and
,. rccessing radicgeric ores which are richer In hellium only for their hellum content

CuiC be pronidizively expensive, it 1ppears trhaz ignecus rocks are most unlikelv to
te Utillizec as a future scurce of heliun.

He.lum I3 constantly heing oreated in the lithosphere by radioactive decay processes
az a relatively cons:tant rate (fcr examplie, the half life of uranius is about

#re earzh's arust consists, wncer continents, cf a la)er of granitic rocks below
which is another layer of basal:tic rock; this basaltic layer extends outward from
wne continents and forms the floor of the oceans.



4.5x70% years and that of thorium is three times longer. But, due to the action of
water, seismic activity, other weathering forces and the fact that some rocks are
much Tore porous to helium than others, helium is constantly escaping from the
lithosphere to tne atmosphere and {rom there to outer space. Hence the
concentraticas of helium in the lithosphere, the hydrosphere and the atmosphere all
remain essentially constant (and nave ~emainec so for millions of years) because of
tnese steady state generation anc -cSs processes.

Tn addition %< the helium resifent in igneous rocks, substantial amounts also exist
in trapped cookets of natural gas. s speciflicatlon of this resource estimate for
mel.u= fro® the available daza is, however, not simple since many diffeient
varieties of natural gases exist. Forwunately, fcr our purposes, it i3 adequate to
ncte that commerct a'.-y producible amourits of helium exist primarily in natural fuel
gases anc the wer.2's eccncmically procucible natural fuel gas reserves and s:'.l'_
tc-te-discocverec -'esour'*es are currently estimatec at about 10- s6eor (3x10-%°) 2
cne z2ssures -na: :he average ccncentration cf helium in this gas is about ?-m?
vsl.5,% cre amount o reliux resilent In tilese gases is about 5x101%ef (1.5x10 )
Irn cur discussicn of the helium content ¢f the several compcnents of the
Lizkssorere, noOtning even remctely rasemtling 3 material balance has been achieved.
I% 35% 2! tme litnsephneric nelium e trapped in the igneous rocks, where is the
rerzinder? Certainly nct in the natur a- f.el gases. The missing fraction is
croszbly s be foung In nellum trapped Iin ser"'."r“ar'y anc metamorphic rock
formz=icre, in 2oal and/or cdal seams and in so-cal unconventional natural fuel
Z3S STturces suinh as the xevs .ar= wdra.es. ..3!'.: gzs formations and georr2ssured
regarycirs, In adziticrn, orizordial nmelium has been i::=ntifled as a component cf
cicgenic natural £3S€3 ere"gmg from ceep ccean trencnes, vclecanic gases, and rife
TCre s2eca3gss. Nonfuel (or low-3tul natural gas fizlcs contalning suostantial
z=gunts of nellum n=ve 318C been cisccvered. 3ecause the gas from these reserviirs
23nncT Se utilized 3s 3 fusl gas without first rexcving the ncncoxbustille
2czpirents zf thne =ixture [z 2CS nese explicrazory wells have, for the

=S3T T2rt, heer. cermental snut sng abangonec. Finmally, Elthou 8"‘ explcraticn cf the

memle Aansg= fam wmoe.; ir cap =miims A€ md i aem -

8 2rhigsT LIt Tat.rz. § in wne zrilling ol mi_licns 28

: Kilcmetare fesz, In gertaln areas, nlwsever, sSucstantizl gas deposits have teen
Sooveres 3T grester Cspths anc it Is possitls that mere natursl gas (snd prodaboy

s ze’iuT 35 well) Will Ze disccvered in tne future ss this next deeper l:zyer 2T

“ne litncsprere is explored. In cStner Wworcds, ine nelluz ressurce story is sTill

-
2XTLTrEIIrY 2NC IrTCUCIing wellS, osractically e.. of tihese wells have been Less than

THE DIVAND FIR EELILM
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AT Tres3:nT, 2%t least thre2 guarcters of th= wc .d cdemanc for helium is being



reservoirs. 1n adcition, primordial heiium has been i:2ntifled as a component of
gsicgenic natiral gases omerging from Geep oCean trencnes, volcanic gases, and rift
Zcre seepages. Ncnfuel (or lcw-Btu) natursl gas fizlds containing substantial
zzmcunts oI nhelium n=ve 51sC been discoverec. Because the gas from these reservoirs
cannct te utilized as a fuel gas withcrt first reroving the noncombustible
gc=gcnents of thne zixture {z cos:tly p."ccess‘ 1""ese explcratory wells have, for the
ISCST part, teen cementec shut and abanacnec. Finally, althcugh explcration of the
grTh’s orust fCr naturzl gases has resultes in tne Iriilling of millicns ¢f

a
2Xgilratory and predu ".s -c--s. sractically all ¢f <hese wells nave been less than

wC AL_czmeters Zesp. 10 certain areas, nIweVar, SuTsStantiz. gas deposits have been
zisccverec at greater ept. s anc iz 1s pcssible ~hat mcre natural gas .ancd probably
zcrs reliur as well) wi 2 discovered in the future as this next Jeeper layer of

<“hz Zitrosphere is exp.Lored. -.". gther words, the hell.m resource story is still
Teing written.

THEE CEMAND FIR HELITDM

~% present, at least three guarters of the wvor.d demand for helium is being
sztisfled by the United States. . decacde ago, the fraction was even higher.
aretrer tnis US za~ket share can he maintained in the future is far from certain and
tre reascns for tris uncertainty Wwill sucsequently beccme apparent. For present
Furpcses, however, it usefu. <o examine brief’y the history of helium aroduction ‘n
trhe US.

Tae Tctal market sales for US-produced grace A (>99.995%) heliun from 1940 to 984
is shown In Fig. 1. Although the commercial production of large auounts of

*re nc-ab.e exception was the gas from the Pinta Dome field in Arizona. Tnls
natural gas consisted of about 8% helium with the remainder being essentially
nizrogen. An xtr-actmn olar.t. built to prccess tine gas from this field, preduced a
<czal of - 1xi0%ef {-28x10%2°) of -~ure helium from 1962 to 1976.

*#7re average heiium concentration in the original natural fuel gas resource cf the
wnited States was about 0.1 vol.%, including the helium-ricn resources in the
soutrwestern region of the country. This concentration has now been reduced about
C.375 vol.% or less. Since natural fuel gas reserves and estimated resources in
Jdther parts of the world are substantially less rich in helium than are those of the
US, it is believed that the 0.05 vol.% estimate is not unreasonable.



relatively inexpensive helium became possible soon after 1905 (since in that year
large amounts of a rich and conveniently processed source material was discovered
and a few years earlier the technology of cryogenic gas separation had been
successfully demonstrated by Linde and by Claude), no attempts were made to produce
_arge amounts of helium until 1915, no significant production of helium occurred
until the spring of 1918 and, for the next twenty years, world production of helium
ipractically all cf which was carried out bv the Bureau of Mines of the US
Zepartment of the Interior) average~ only about 107ef/y(3x10°m%/y). Furthermore,
almost all of this helium was utilized in the US Navy's rigid lighter-than-air
aircraft prograe during the 1520's and 1930's . I%s tragic experiences remain as an
exauple of a new technology which ~ould rot, at that time, be made sufficiently risk
free tu warrant pursuing - especially given the successes tnat were being achieved
concurrently by the ccnventional aircraft industry. During this period one other
practical use of helium was developed, namely zhat of a helium-oxygen mixture by US
Yavy divers and calsson-laborers to minirize adverse effects caused by the formation
of gas bubbles in the 5loocd upcn cecompression.’ Nelther of these applications
resu.ced in any significan: increase in the demand for helium, however, and hence,
722 tne abscissa cf Fig. ! criginated 20 years earlier, the total helium sales curve
sculd have been aimcst -"d‘s inguishable from the time axis during practically all
¢f chat period.

cer <o understanc the data provided by Fig. ', ar2, in particular, to comment
rz_ly or the probztle cemand for helium in the immediate future, it is
; znt tc ccnsider why this twenty 10 thirty year :induction period preceeded th
razic 5.-::'.:' in rellum demanc which began in 940 and <zen continued more or less
gontinucusly for the past 4% years. Jne partial explarnztio of this long inducticn
sericC Is tre necessity, ocImmen tT every cevelcping natisn, of focusing its init
effcrt Upch the estzilisnment ¢f a heavy industiry tase. Given that base, it the
Secomes pessible e move forward In the invantion, cevelopment, utilization and
cznzinucus -_.,,r-hvv.ze"’ ¢l =cre sconisticatzl tecnnolegies (nots that in this context
2.2 nzticns can be viewec as "develcring": they “iffer only in thz extent tc which
trey rave crogresssC aling the path of technoltgical develcpment). It can therefore
Zs zrgues tnat = rnzllicn's advancement Ints the so-called "nigh technclogy" phase cf
inz ='r‘ ~izztizn tecomes possible cnily when It has defe-caed a sufficient’y brcad
Srrolcgiczl tas2, Including, In additicn <o 3 heavy incusiry, an adeguate number
f wel__-traineg scientists ancd engineers, the motivzticn tc press forward in
svelscing advanced techn:-lcgies, adegqua:te® resources, cacital, sophisticated
instruzmentation, diagnostic capacilities, e\.c. Finally, since new highiy advanced
technoicgies are .':icularl;. like-j to require specla. materials with special cor
even unigue properties and since helium certainiy qualifies as such a material, the
_cng de-ay in helium utilizzzion by the incustrialized nations cf the world and by
the US in particular, becomes partiallv underetanrdahla Te ~ebo -
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