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NOTI CE : The pro ject that i s  the sub ject of this  report  was approved 
by the Govern ing Boa r d  of the Nat i onal Research Counc i l , whose membe r s  
a r e  drawn from the counc i ls o f  the Nat i onal Academy of Sci ences , 
Nat i onal Academy of Eng inee r i ng ,  and the I ns t i tute of Medi c i ne .  The 
members of the commi ttee responsible fo r the repo r t  wer e  chosen for 
the i r  spec ial competences and w i th r egard for appropr iate balance . 

Th is repo r t  has been rev i ewed by a gr oup other than the authors 
acco r d ing to procedu res approved by a Repor t  Rev i ew Commi ttee 
cons i s t ing of members of the Nat ional Academy of Sci ences , the 
Nat i onal Academy of Eng inee r i ng ,  and the Ins t i tute of Med i c ine . 

The Nat i onal Academy of Sc i en ces i s  a pr i vate , nonprof i t ,  
self -perpetuat ing soc iety of d i s t i ngui shed s cholars engaged i n  
s c i ent i f i c  a n d  engi neer ing r es ea r ch , dedi cated t o  t h e  furtherance o f  
s c i ence and technology and t o  the i r  u s e  f o r  general wel fare . Upon the 
author ity of the char ter granted to it by the Congr ess in 1 8 6 3 , the 
Academy has a mandate that r equ i r es it to adv i se the federal 
government on s c i ent i f i c  and techn ical mat te r s . Dr . Frank Pres s  is 
pres i dent of the Nat i onal Academy of Sci ences . 

The Nat i onal Academy of Engi nee r i ng was es tabl s i hed in  1 9 64 , under 
the cha r ter of the Nat i onal Academy of Sci ences , as a paral l el 
organ i za t i on of outstanding engineers . I t  is  autonomous in i ts 
admi n i s t rat i on and in the selec t i on of i ts membe r s , sha r ing w i th the 
Nat i onal Academy of Sc i ence s the r espons i b i l i ty fo r adv i s i ng the 
federal government . The Na t ional Academy of Eng i neer ing also sponsors 
eng i neer ing programs a imed at meet ing nat i onal needs , encourages 
educa t i on and r esearch , and recogn i z es the supe r i or ach i evements of 
enginee r s . Dr . Robert M.  Wh i te is  pres i dent of the Nat i onal Academy 
of Eng inee r i ng .  

The Ins t i tute of Med i c i ne was es tabl i shed i n  1 9 7 0  by the Nat i onal 
Academy of Sci ences to secure the services of emi n'ent member s  of 
appropr iate profe s s i ons in  the examination of pol icy mat te r s  
pe r ta i n ing t o  hea l th of the publ i c .  The Ins t i t u te acts unde r the 
respons ib i l i ty gi ven to the Nat ional Academy of Sci ences by i t s  
cong res s i onal char ter to b e  a n  adv i ser  t o  the federal government and , 
upon i ts own in i t i at i ve , to i den t i fy issues of medical ca r e , r es ea rch , 
and educa t i on .  Dr . Samuel o. Th ier  is  pres i dent of the Ins t i tute of 
Medi c i ne . 

The Nat i onal Resea r ch counci l was organ i zed by the Na t ional 
Academy of Sci ences in  1 9 1 6  to assoc iate the broad commun i ty of 
sci ence and technology wi th the Academy ' s  pu rposes of further ing 
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knowl edge and adv i s ing the federal government . Function ing i n  
accor ding wi th general po l i c ies determined by the Academy , the counci l 
has become the pr incipal operat ing agency of both the Nat i onal Academy 
of Sc i ences and the Nat ional Academy of Engi neer ing in pr ov i ding 
servi ces to the government , the publ i c ,  and the s cient i f i c  and 
engineer ing commun i t i es . The counci l is admin i s tered j o intly by both 
Academies and the Insti tute of Medi c i ne . Dr . Frank Pres s  and Dr . 
Rober t M .  Wh i te a r e  cha i rman and v ice cha i rman , r espectivel y ,  of the 
Nat i onal Resea r ch counc i l . 

Suppo r t  fo r th is project was pr ov i ded by the u.s. Departmen t of 
the Inte r i or , Bureau of Mines . 

Copi es ava i l able f r om 

Boar d  on Mineral and Energy Resources 
2 1 0 1  cons t i tut ion Aven ue , N . w .  
Wa sh ington , D . c .  2 0 4 1 8  
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Copyright © National Academy of Sciences. All rights reserved.

Setting Priorities for Abandoned Mine Land Research
http://www.nap.edu/catalog.php?record_id=18916

http://www.nap.edu/catalog.php?record_id=18916


COMM ITTEE ON ABANDONED MINE LANDS RESEARCH PRIOR I T I ES 

KENNETH N .  WEAVER , Maryl and Geol og i cal Survey , Cha i rman 
BUDDY A. BEACH , consol i da t i on coa l Company 
GERALD J. Mc LINDON , Consu l tant , Baton Rouge , LA 

Li a i s on Members 

JERRY R. ENNIS , Of f i ce of surface Mining , caspe r , wyoming 
RICHARD L. JUNTUNEN, Depa r tment of State Lands , Hel ena , Montana 
LYLE V .  A. S ENDLE I N ,  Un ivers i ty of Ken tucky 

Staff  

ROB ERT S.  LONG , Sta f f  Of f i ce r  
ELLEN TENENBAUM , Consul tant 
FLORENCE WONG , Projec t  Sec retary 

iv 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Set t ing  Pr io r i t ies  fo r  Abandoned Mine  Land Research
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18916

http://www.nap.edu/catalog.php?record_id=18916


BOARD ON M INERAL AND ENERGY RESOURCES 

CHARLES J .  MANK I N ,  Ok l ahoma Geolog i ca l  Survey , Cha i rman 
SANDRA L. B LACKSTONE ,  University of Denver 
DANIEL A .  DREYFUS , Gas Research Insti tute 
LLOYD E .  ELK I NS ,  AMOCO Produc t i on Co . ( re t i red ) 
w. GARY ERNST , Un ivers i ty of Cal i fornia 
THOMAS v. FALK I E ,  Berwind Natu ral Resources Corporation 
WILLIAM L .  FISHER , Texas Bu r ea u  of Economic Geology 
PRISCILLA c. P. GREW, Minnesota Geolog i cal Sur vey 
PERRY R. HAGENSTE I N ,  consultant , Wayland , Mas sachuset ts 
HARRISON c .  JAM ISON , Atlan t i c  Rich f ield Explora t i on 

Company ( ret i red ) 
R .  MAX PETERSON ,  u.s. Fores t Ser v i ce ( r et i red ) 
STEVEN P .  QUARLES , Crowe l l  & Mor ing 
G .  HENRY M .  SCHULER , center for strategi c and Inte rnational Studies 
JOSEPH J .  S IMMONS I I I ,  Interstate Commerce commi s s i on 
IRVIN L.  WHITE , New Yo rk State Energy Resea rch and Devel opment 

Autho r i ty 

ROB ERT S .  LONG , Sta f f  Di r ector 

v 

Copyright © National Academy of Sciences. All rights reserved.

Setting Priorities for Abandoned Mine Land Research
http://www.nap.edu/catalog.php?record_id=18916

http://www.nap.edu/catalog.php?record_id=18916


COMMISSION ON PHYS I CAL SC I ENCES , MATHEMATICS , AND RESOURCES 

NORMAN HACKERMAN , Rober t  A .  Wel ch Founda t ion , Cha i rman 
GEORGE F .  CARR I ER,  Har va rd Universtiy 
DEAN E.  EASTMAN , IBM , T .  J .  Watson Research Center 
MARYE ANNE POX, University of Texas 
GERHART FRI EDLANDER, Brookhaven Nat ional Laboratory 
LAWRENCE W.  FUNKHOUSER , Chevr on Corporat i on ( re t i red ) 
PH I LLIP A .  GRIFF ITHS , Duk e  Un ivers i ty 
J. ROSS MACDONALD ,  Univers ity of North Car ol ina , Chapel Hi l l  
CHARLES J .  MANK I N ,  Okl ahoma Geolog i ca l  Survey 
PERRY L. McCARTY, Stan ford Unive rs i ty 
JACK E .  OLIVER ,  Cornel l Un ivers i ty 
JEREM IAH P .  OSTRIKER, Princeton Un ivers i ty Observa tory 
WILLIAM D .  PH I LLIPS , Mal l inckrodt , Inc . 
DENIS  J .  PRAGER, MacArthur Founda t i on 
DAV I D  M .  RAUP , Un ivers i ty of Chicago 
R ICHARD J .  REED , University of Washington 
ROB ERT E .  S I EVERS , Un ivers i ty of Colorado 
LARRY L. SMARR , Nat i onal cen ter for Super comput ing 

Appl i cat i ons 
EDWARD c. STONE , JR . , cal i fo r n i a  I n s t i tute of Technology 
KARL K .  TUREK IAN ,  Yal e  Univers i ty 
GEORGE w. WETHERI LL ,  carneg i e  Ins t i tu t i on of Wash ington 
IRV I NG WLADAWSKY-BERGER, IBM Corpo r a t i on 

RAPHAEL G .  KASPER , Execut i ve Di r ec to r  
LAWRENCE E .  McCRAY , Associate Execut i ve Di r ec tor 

vi  

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Se t t i ng  Pr io r i t i es  fo r  Abandoned  M ine  Land  Research
h t tp : / /www.nap .edu /ca ta log .php?record_ id=18916

http://www.nap.edu/catalog.php?record_id=18916


PREFACE 

In the legislation that t rans fer red the abandoned mine land ( AML )  
r es ea r ch program from the Off i ce o f  Sur face Min ing ( OSM ) to the Bu reau 
of  Mi nes ( BOM ) , Congress s t i pulated that BOM was to  es tabl i sh resea r ch 
pr ior i t ies . In  order to addr es s  th is r equ i r ement and other rel ated 
i ssues , wh i ch are new r espon s i b i l i t i es for the bur eau , the di rector of 
BOM in  a letter of Mar ch 1 7 , 1 9 8 7 , asked the Boar d  on Mine r al and 
Energy Resour ces of the Nat i onal Research counc i l  ( NRC ) to conduct a 
study of seve ral issues central to the AML res ea rch progr am .  
Spec i f i cal l y ,  the di rec tor r equested that the boa rd make 
recommenda t i ons on r esea r ch pr ior i t ies and cr i ter ia for evaluation of 
research propos als deal ing w i th reclama t i on of abandoned coal mine 
lands . In  add i t i on ,  the study group was ask ed to fo rmu l ate 
r ecommenda t i ons r ega rding the development of an effective technology 
t r ansfe r program in the a r ea of AML r esearch . The d i r ector ask ed the 
boa r d  to s ubmi t i ts repo r t  to the bureau by September 3 0 , 1 9 8 7 , so 
that BOM coul d incorpo r ate the NRC ' s  r ecommenda t i ons into the AML 
resea rch program in  t i me for the next funding cycle . 

The NRC agreed to conduct the study and establ i shed the Commi ttee 
on Abandoned Mine Lands Research Pr i or i t i es . The s i x -member commi t tee 
represents a br oad range of many yea r s ' expe r i ence and expe r t i s e  in 
deal ing w i th abandoned mine land probl ems . 

The commi ttee held three mee t i ngs in Wash ington , D . c . , r ev i ewed 
the pe r t inent ava i l abl e wr i tten mater ials , held d iscus s i ons w i th 
bureau management ,  conducted inqu i r ies wi th cr i t ical  gr oups rega r d i ng 
resea rch pr ior i t i es , and interv i ewed knowl edgeable per s ons in  the 
abandoned mine r eclama t ion f i el d , f r om both the r esea rch and the 
programma t i c  s i des . Pa r t i cularly  val uable i nput resul ted from the 
commi ttee ' s  wr i t ten inqu i r ies to f i ve organ i za t i onal groupings of 
exper ts in AML matters . A total of 1 3 6  l e t ters we re s ent and 6 8  
responses we re rece i ved , an exce l lent 50  pe rcen t r es ponse rate . 

In the fol l ow ing sect i ons of th is  repo r t  the commi t tee d i s cusses 
the status of AML resea r ch ( Chapter  1 ) , assesses AML r esearch needs 
and pr ior i t i es ( Chapte r  2 ) ,  d i s cusses the central  components of an 

v i i  
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ef fect i ve pro ject-select i on process ( Chapte r 3 ) ,  and ident i f i es t h e  
k inds o f  technol ogy t r ansfe r mechan isms needed t o  transmi t r esea rch 
results to  the  user  ( Chapter 4 ) .  The commi t tee ' s  recommendat i ons were 
fo rmulated afte r  consi�er ing funding level expectat ions, 
t i me-dependent factors of the AML program , the AML pr ior i t i es out l i ned 
i n  PL 9 5-87 , and the types and geograph i c  d i s t r ibut ion of AML prob l ems . 

v i i i 
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EXECUTIVE SUMMARY 

In the cont inu ing Resol u t i on for Federal  Agencies ( PL 9 9 -5 9 1 ) 
enacted in Octobe r 19 8 6  for  f isca l yea r 1 9 8 7 , congress t ransfer red the 
abandoned mine land ( AML )  resea rch program and $1 . 9  mi l l ion i n  f unding 
f rom the Of f i ce of Surface Mining ( OSM ) to the Bu reau of Mines ( BOM ) . 
Subsequently the d i rec to r of BOM asked the Boa rd on Mineral and Ene rgy 
Resou rces of Nat iona l Resea rch counci l ( NRC ) to conduct a study and to 
make recommendat ions on resea rch prior i t ies and c r i te r i a  for 
eva luat ing proposal s  deal ing wi th reclamat ion of abandoned coal  mine 
lands . The study g roup was also asked to recommend an effect i ve 
technol ogy t rans fe r  prog ram for AML resea rch . The comm i ttee on 
Abandoned Mine Land Resea rch P r i o r i t ies was establ i shed and set about 
the task of rev i ewing the status of abandoned mine l and r eclamat i on 
resea rch ( Chapte r 1 ) ,  es tabl i sh ing AML reclama t i on resea rch p r i o r i t i es 
th rough a ques t i onna i re process ( Chapt e r  2 ) , d iscussing the se lec t i on 
process for  choo s i ng successful AML resea rch pro j ects  ( Chapter 3 ) ,  and 
d iscu ss i ng the technology t rans fe r  process as app l i ed to AML resea rch 
( Chapte r 4 ) .  

A cent ral focus of this  study was the attempt to i den t i fy the 
highest-pr io r i ty resea rch problems th rough an inqui ry letter sent to 
knowl edgeable professi ona l s  throughout the country . One hundred 
th i r ty-s i x  letters we re sent to ind i v iduals represent ing f i ve ma j o r  
groups --state AML prog ram d i rec to rs , s tate geologi sts , Mining and 
Mineral Ins t i tute d i rec tors , representat ives of the coal indu s t ry and 
mining assoc i a t i ons , and representat i ves of the Ame r ican Soc i ety for  
Su rface Min ing a nd Reclama t i on .  S i x ty-e ight r esponses we re recei ved , 
for a SO pe rcent response rate . 

The following conc lus i ons can be d rawn f r om the responses to the 
i nqu i ry :  

• Water qual i ty ,  subs i dence , mine wa ste , and revegetat i on are  
ranked as the top four  research prior i t i es in all  reg ions . 

• Top research p r i o r i t ies tend to be s i m i l a r  across organi zat i ons 
within a spec i f i c  reg ion . 

1 
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2 

• Reg i onal resea rch p r i o r i t ies d i f f e r  somewhat ,  but on ly in terms 
of rela t i ve rank and d i f fe r ing lowe r -pr ior i ty problems . 

• Al though water  qual i ty is  pe rcei ved as the highes t pr iority in 
all regi ons , the top four prior i t i es are r anked fai r ly even ly i n  the 
Wes t ; water qual i ty is clearly h ighest in the Bas t  and Midwes t .  

• Subs idence and mine waste a re ranked e i ther second o r  thi rd i n  
a l l  reg i ons . 

• Revegetat i on is of concern , as i t  comes out a clear fourth 
p r i o r i ty in the ove ral l compo s i te resu lts as wel l  as in each reg ion . 

• Lands l i des/slope stabi l i ty ,  topso i l i ng ,  mine f i r es ,  and mine 
open ings are s ub j ec ts hav i ng h i gher  than • background • i nte rest among 
respondents . 

A numbe r of recommendat i ons we re developed f r om the study . Many 
of these recommendat i ons are inter related , so each shou ld be viewed i n  
the context o f  the others . Bach of the recommenda t i ons i s  expla i ned 
in t he body of the repo r t  a nd summa r i zed b r i ef ly below . 

The f i rs t  se r i es of recommendat ions focus on AML r esea rch 
p r io r i t i es : 

Recommenda t ion 2 . 1 :  The committee recommends that the Bu reau 
of Mines use a broad rather than a r es t r ictive inte rpre tat i on of the 
leg i s lat ive intent of the AML r esearch prog r am .  Al l AML lands wi l l  
not be recla imed by 19 9 2 ,  and the re w i l l  be a con t i nuing need for 
we l l -founded , longe r-term research into co r rec t i ve measu res . 

Recommenda t i on 2 . 2 :  The bu reau wou ld benef i t  f r om u s i ng the AML 
resea rch p r i o r i t ies ind icated by the committee's su rvey ( Tabl e  2 . 2 )  a s  
guidance i n  sett ing pri o r i t i es for f u tu re resea rch pro j ect 
sol i c i tat i ons . Most of the funded research pro j ec ts in the AML 
program fall within  the ident i f i ed h i gh-pr i o r ity topics , so only 
min imal f i ne-tuning of the ex i s t ing process wi l l  be requ i red .  

Recommenda t i on 2 . 3 :  I t  is  recommended that the bu reau conduc t 
pe r iod ic su rveys of expe rts ( pe rhaps in two-year interval s ) ,  ask ing 
fo r the i r  views on the highest-pr i o r i ty resea rch needs . The su rvey 
conducted by the commi ttee produced a broad consensus on the mos t 
impo r tant a reas for research , of fe red many i ns i gh ts on speci f ic 
research topics , and made the commun i ty o f  r esearchers feel involved 
in the pr i o r i ty-sett ing process . The que ry letter ( Append i x  B )  migh t  
b e  expanded t o  a s k  respondents what research they be l i eve would yield 
the g reatest benefi ts or knowl edge in relation to cos t .  

The following topics a r e  recommended for cons i derat i on in 
subsequent AML resea rch sol ici tat i ons : 
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Recommendation 2 . 4 :  The commi ttee recommends that BOM assess the 
cost-ef fecti veness of va r i ous cur rent techniques of abandoned mine 
subs i dence reclamat i on ,  e .g . , subs i dence insurance , remote underground 
back f i l l , reclamat ion of s u r face depress ions w i th long-term 
ma intenance, land use zoning, and remining .  In the sho r t  term , 
ce rta i n  methods may appea r to be l ow in cost , but what is needed is a 
f i rmer idea of total cos ts for any technique . 

Recommendati on 2 . 5 :  BOM shou ld assess the cost-ef fectiveness of 
abandoned mine highwa ll reclamation associ ated with contour mining, 
using an integrated approach as in the recommendation above , but also 
cons i der ing sho r t -term env i ronmenta l dis rupt ion dur ing reclamat i on 
versus long-term reclamat i on benef i t s .  

Recommendat i on 2 . 6 :  Acid mine d rainage is pe rce i ved to be an 
urgent probl em, but no long-term plan e x i sts for ult imate cont rol of 
this problem on abandoned mine lands . A long-term plan for control 
needs to be developed, i ncorporat ing all cur rently known techniques . 
Such a plan would incl udes st rateg ies fo r research and implementa t i on 
of the resu l ts over the next decade . Undoubtedly this problem will 
cont inue into the twenty-fi rst century . The bureau should expand its 
resea rch on use of wetlands to ame l i orate acid mine drainage . OSM 
cur rently allows new and innovat i ve techniques to be applied under 
Ti tle IV of SMCRA. Poss ibly these exper imental practi ces (e . g . , 
wet lands t reatment of aci d  mine drainage ) could be combined with a 
research project on ac id mine drainage . 

Recommendation 2 . 7 :  Research on the long-term economics of 
reshaping the land is requi red to determi ne the expected l i fe and 
future ma intenance cost . Probably the most diff icult aspect of 
reclamation of abandoned mine land is the prediction of the expected 
l i fe after remedial treatmen t .  In the case of land surface s ,  natural 
geomorph i c  processes are constantly at wor k ,  level ing any oversteep 
ter ra in . I f  a prob lem on a steep slope is addres sed wi thout r educing 
the degree of slope , the problem might require perpetual ma intenance . 
We need to determine how to apply this geomorph i c  knowledge to the 
long-term planning fo r abandoned mine land reclamation . 

The following ser i es of recommendat ions relate to the proposal 
rev i ew panel and the project selection process . The commit tee 
beli eves the process as it ha s evolved is well -thought -out . I t s  
recommendat i ons are for refinements t o  make the system mo re efficient 
and to ref lect the highes t-p r i o r i ty research needs . 

Recommendat i on 3 . 1 :  The commi ttee recommends that the bureau 
prepare a research plan with pr iorit ies ident i f i ed ,  and that the key 
elements of the plan be incorporated into the cal l for proposals and 
sco r ing in the selection process .  The AML research po l i cy and 
resea rch pr i o r i t i es are in t rans i t i on as th is report is being 
wr itten . The prev i ous pol icy expressed only vague goals and 
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objec t i ves . The research effort was not focused on the solution of 
e i ther shor t-term or long-term AML problems . The program was 
react i ve ,  in that it d i d  not iden t i fy spec i f i c  resea rch p r i o r i t ies bu t 
rel ied on the proposer to def ine the research d i r ection .  

Recommendat ion 3 . 2 :  The present system of informal peer review 
prac ticed by panel members wi thin thei r own agenc i es should be 
forma l i zed and expanded to include peers drawn from OSM, BOM , state 
agenci es , academic and research organizat i ons , and industry. BOM can 
estab l i sh a l i st of qual i f ied people by d i sc ipl ine outs ide the agency 
who could rev i ew and comment on spec i f i c  proposals; peer comments 
should be made ava i lable to the review panel for the i r  t i mely 
delibe rat ion . Methods f o r  includ ing peer rev i ew in the cu r ren t  
select i on process include several approaches . It wou ld be possible to 
develop a peer rev i ew l i st based on spec i f ic r esearch expe rt ise , and 
then mai l  the proposal s to at least two of these indi v iduals with a 
request fo r review acco rding to an accepted format . A second approach 
that migh t  be more appropr iate to the requi rements of the law would be 
to add a suf f i c i ent number of peers to the panel , varying the i r  
expe r t i se w i th the resea rch prior i t i es iden t i fed or topics t o  be 
rev i ewed . In this way the panel could bene f i t  f r om the techni cal 
expe r t i se of the scient i sts , and the scient ists cou ld bene f i t  f rom the 
prac tical aspects of panel members through d i s cuss i on of the res earch 
topic proposed . Normal Bureau of Mi nes procedures invo lve r eview of 
the project act i v ity wi th peers f rom within their organi zation ,  and 
such ind i viduals are pa rt of t he cur rent leg i sl ated panel , but it i s  
adv isable t o  include peers f r om out s i de government a s  wel l .  car e  
should be taken t o  avoid conf l ict o f  interest . 

Recommendat ion 3 . 3 :  I t  is recommended that the bur eau es tabl i sh an 
ident i f iable or speci f ic research object i ve at the beginning of the 
research act i v ity. Technical mon i tors wi l l  be ab le to follow the 
progress of the wor k ,  with the object i ve in mind, as it is be ing 
perfo rmed . There should be a follow-up program to ascertain the 
success o r  fai lure of the technology, and poss ible need for fu rther 
research, engineer ing development ,  o r  mod i f i cat ion o f  the system .  I f  
a concrete research object i ve is estab l i shed at the beginning of the 
research acti v ity ,  the effort wi l l  be prov ided with a measurable means 
of eva luat ing the ef fect i veness of the resea rch . If the research 
prov ides the answer to a prev iously pe rplex ing ques t ion , it has 
cer tainly been successful . I f ,  on the other hand , the research 
reveals that the d i r ec t i on taken wi l l  not address the problem , th is 
also can be a va luable and def ined conc lu s ion . 

Recommendation 3 . 4 :  In v i ew of the longe r -term natu re of some 
important resea rch , the committee recommends that promisi ng research 
projec ts be allowed to be amended, upon the se lec tion panel•s 
approva l ,  rather than be requi red to undergo a complete submi t tal f o r  
fund ing every year . Th is would probably cal l  for a change in the 
procurement process . Many new and promi s ing research i deas are in 
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such an early s tage of development that needed answers may not be 
developed in one or two years of work . Most new techno logies requ i r e  
a n  evolution o f  progres sive steps t o  reach f i e ld implementation . Last 
year's panel discussed the need fo r a mechanism to ass i s t  in this 
progres sion , instead of requi r ing a complete reappl i cation every 
year . It can generally be cons i de r ed cos t -effec tive for the most 
exper ienced resea rcher to cont inue with projects , ther eby add ing to 
ex i s t ing expe r i ence . A system fo r easily amending h ighly innovat ive 
and espec i a l ly excit ing projects when needed cou ld be benefic ial if 
not ove r used . 

Recommendat ion 3 . 5 : The process for evaluat ing and selecting 
research proposals shou ld have enough flexibil ity to cons ider 
proposals wi th unusual qual i t i es .  Fo r example , an encouragement of 
some cooperat ive research pro j ec ts should be bui lt in to the proposa l  
submis si on and eva luat i on process .  I f  par t i a l  funding were to be 
prov i ded by a min ing company and the results of a par t i cular project 
would be use f u l  to AML r eclamation and to ac tive min ing as wel l , the 
proposal could be given a certain pr ior i ty or ranking within the 
overall sel ec tion process .  

Recommendat i on 3 . 6 :  The commi ttee beli eves that maxi mum 
ut i l i zat ion s hould be made of the tal ent in the Bu reau of Mines and i n  
the Mineral Ins t itutes in address ing the pr ior i ty topics . Because the 
bureau has had a great deal of expe r i ence in water qua l i ty and 
subs idence problems , these two a r eas should receive particular 
attention for BOM research fund ing .  The bureau i s  l i ne-item funded to 
ca r ry out a wi de range of scien t i f i c  and technological research . A 
rev i ew of the publ i cations issued by the Bureau of Mi nes in the per i od 
1983 through 1 98 6  reveals that the bur eau pub l ishes a cons iderable 
number of repo r ts on the h i gh-pr i o r i ty research topics i dent i f i ed in 
Chapter 2.  Subsidence and water qual i ty are the sub j ects t reated in 
most of the papers . Revegetat ion , mine wastes , and slope stab i l ity 
are also prominent topics . 

Many technology trans fer systems are ava ilable for AML use wi th in 
the Bu reau of Mines to t rans fer knowledge from resea r ch laborato r i es 
and construc t i on s i tes to new s i tes to accomplish AML reclamat i on in a 
more cost-ef fective and envi ronmental ly sound manner . The fol lowing 
recommendati ons wi l l  help the bu r eau put in place an effective 
technology t rans fer program for AML resea rch . 

Recommendat ion 4 . 1 :  Ser ious cons ide rat ion should be given to 
ass ign ing the AML technology trans fer program to the Bureau of Mines . 
The Bur eau of Mines has a we l l-es tabl ished technology transfer 
program . It will r equi re special planning , but the AML technology 
transfe r needs can be met by the bur eau's cur rent program by add ing 
some new elements and identi fying new c l i entele . Thus , a l l  of the 
elements of OSM's AML technology t r ansfer act i v i t i es can be moved to 
the Bur eau of Mines for a comprehensive technology trans fer program . 
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Recommendat ion 4 . 2 :  It is recommended that the bu reau estab l i sh a 
task force to def i ne and address the abandoned mine land technology 
t rans fer act i v ity .  Th i s  task force should i dent i fy the needs of the 
AML technologY t ransfer program and l ink as many of these needs as 
poss ible to othe r establ i shed Bureau of M ines technology transfer 
programs . The bu reau should cons ider includ ing an OSM representat i v e  
as a standing member o f  the task force in o r de r  to coordinate 
technology t ransfer between the two bureaus . 

Other apsects of the problem to be stud ied by the task force 
should inc lude : 

• Data base development of bibl i ograph ic l is t i ngs of min ing an d 
mineral resources as appl ied to abandoned mine lands . 

• Development of l inked series of informat ion c i rculars , repo r t s , 
and bibliog r aphi es catego r i zed by s ub ject . 

• cont inuation of joint federal and profess i onal agency-sponso red 
seminars on abandoned mine land rec lamation . 

• Compilat i on and rapi d d i s t r i but ion of technology f r om overseas. 

Recommendat i on 4 . 3 :  A universal data base of state AML projects 
s imi lar to the data base of state AML projects pr epared by the 
Abandoned Mine Reclamat ion Bu reau of Montana shou ld be estab l i shed 
with in the Bureau of Mines technology transfer program. I t  may be 
possible to i ncorporate this in the bureau's MRMI S  system and make i t ,  
and all other information not used for internal management purposes , 
ava i l able to the publ i c .  

Much o f  the research ca r r i ed out by state agencies repres ents 
stat e-of-the-a rt reclamation pract ice , but it is v i r tual ly unknown to 
other states or researchers . The committee recommends that the bu reau 
ut i l i ze the Montana f i l e  a nd incorporate it with i ts own 
research-in-progres s i ndex . The MRMI S ,  wh ich cur rently is used only 
for internal purposes , and contains conf idential data , shou ld be 
redes igned for public access .  The Mineral Ins t i tutes , state agenc i es , 
state geologists , an� Federal Libra ry Depos i tor i es will bene f i t  from 
access to these sou rces . 

Recommendat ion 4 . 4 :  The commi ttee recommends that the bu reau 
estab l i sh a •one-stop• informat i on service capable of responding to 
quest ions f rom state AML agenci es ,  Mineral Inst itutes , cont ractors , 
and others . A roster of •one-stop• experts by d i sc ipl i ne area would 
be compi led for each coal reg i on , to include bu reau , laboratory , state 
agency , and unive r s ity pe rsonnel wi ll ing to answe r inqu i r i es o r  to 
meet in the of f ice or f ield , pai d  by the user where appropr iate . Th is 
employs a vi tal persona l component of technology transfe r ,  one that 
has proven highly produc t i ve in other agenc ies . 
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Recommendat ion 4 . 5 : A Gene ric Technology Research Center in Mining 
and Reclamation should be establi shed at the ear l i est date , with 
aff i l i ate uni vers i t ies located in those states wi th maj o r  AM L  problem 
a reas . The Surface Mining Cont rol and Reclamation Act autho ri zed the 
creat ion and partial federal fund ing of state Mining and Mineral 
Resources Resea rch Inst itute s ,  under the Gene r i c  center Resea rch 
Program. The concept of research centers is well-establi shed , not 
only by the Stevenson-Wydler Act and by other congressional and 
execut i ve measures , but also by the fact that BOM has al ready set up 
f i ve gene r ic cente r s . Greater benef it could be der i ved f rom 
establ i shment of a Center for Reclamat ion . Th is would serve as a 
reference center ,  a depo s i tory, and d i s t r ibutor of i nformat i on on 
reclamat ion pract ices . 

The select ion of a gene r ic resea rch center for reclamat ion and 
af f i l i ate uni ver s i t i es should follow the bureau's normal procedure . 
In this instance , cons i derat ion should be gi ven to prox imity to area s  
o f  major AML concent rat ions , and t o  t h e  presence and qual ity of 
support ing programs in mining engi nee r i ng ,  chemist ry , geology , c i v il 
a nd mechanical engineer ing , soil sci ence , hort icul tur e ,  fo res t ry , 
wildlife , agr iculture ,  and landscape architecture . An Agr icultural 
cooperati ve Serv i ce presence would be an advantage . The gene r ic 
center should also be a designated Regional Federal Depository Libra ry 
center . The center ,  with i ts affili ated unive r s i ties , would also be 
useful as part of the one-stop netwo rk . 

Recommendation 4 . 6 : It is recommended that the bureau host small 
profes s i onal sem ina rs or conferences on informat ion di sseminat ion and 
technology t ransfe r ,  pa r t icularly in the course of des ign i ng the AML 
technology t ransfer program. These ses s i ons would include 
representatives of the bureau , OSM , and state agenc i es , ed i to r s  o f  
mining publicat ions , and representa t ives o f  the Mine ral Insti tutes and 
Gene r i c  centers , NTI S ,  and the Feder a l  Labo r atory Consor t ium . Broad 
par t ic ipat ion will allow the input of all federal and state ent i t ies 
hav ing an interest in technology transfer . cur rently , some agenc i es 
that are in place fo r the transfer of technology a r e  not be ing 
ut ili zed , and it is thought t hat a meet ing of i nterested people would 
enhance the des ign of the AML technology transfer program. 

Recommendation 4 . 7 :  The committee recommends that the Bureau of 
Mines incorpo rate the results of AML reclamat ion projects into 
technical guidance documents for use by agenc ies, m i ne operato r s , and 
cont rac tors . Some manuals have been produced by OSM for ot her parts 
of i t s  program, and these have been used exten s ively by coal mining 
companies . I t  is appropr iate that this mechani sm be ut ili zed for this 
new c l i entele . These documents would summa r i ze const ruct ion practices 
that have been used in other area s .  
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Chapte r  1 

THE STATUS OF ABANDONED M INE LAND RECLAMATION RESEARCH 

1 . 1 AML RECLAMATION RESEARCH BEFORE 1977 

Before the enactment of the Surface Min ing Control and Reclama t i on 
Act of 1 977 ( SMCRA ) , Publ i c  Law 9 5 -87 , no federal l aw gove rned 
coa l -mined-land reclamat i on ,  although mos t  states in wh i ch there had 
been exten s i ve coal min ing d i d  have some form of laws or regulat ions 
in pl ace pr ior to 1 9 7 7 . In  some states there were two per iods of 
recl amat ion . Regulat ions under the f i rs t  pe r iod r equ i r ed level ing the 
tops of spo i l  piles left by the d rag l i ne or shovel . The f i rst pe r iod 
began in the l ate 1 9 3 0 s  and 1 9 4 0 s , w i th Wes t  V i rg i n i a  be ing the f i r s t  
t o  enact a sur face min ing l aw i n  1 937 , followed by Ind i ana ( 1 9 4 1 ) ,  
I l l inois ( 1 9 43 ) , Pennsylvan ia ( 1 9 4 5 ) and Oh io ( 19 4 7 ) .  Subsequen t l aws 
or regul a t i ons r equ i red the regrading of the mine spo i ls to a 
relat ively l evel con f i gu rat ion and plac i ng non tox i c  spo i l  mate r ia l  on 
the s u r face .  Most wes tern s tates devel oped detai led sur face min ing 
regu lat ions in the ear ly 1 970 s , often model ed after the eas te rn 
s tates' regul a t i ons . Montana's l aw was f i rst passed in 1 9 7 0 , and the 
amended l aw ( 1 9 7 3 ) was closely modeled after the Ken tucky 
l eg i s l a t ion . Imhof f  and others documen ted the status of state min ing 
regul a t i ons in a 1 9 7 6  u.s. Geolog i cal  Survey Ci r cul ar . ! 

A cons i derable body of k nowl edge was developed by r ec l amat i on 
resea rch conducted by the federal government and universit i es pr ior to 
the enactment of SMCRA. Min ing compan ies pr ov ided val uable ass i s tance 
to the research through the i r  practical knowledge of min ing and 
recl amat ion and by prov iding land ,  mate r ia l s , and ser v ices . The 
cooperat ion and interac t i on be tween the resear ch community and the 
mining indust ry s i gni f i cantly influenced research p r i o r i t i es and 
accompl i shments for many years . 

The term •abandoned mine l and • was inappropr iate unt i l  state laws 
and regulat i ons spec i f i cal ly ident i f ied respons i b i l i t i es for 
reclamat ion . The term was not w i dely appl ied unt i l  the 1 9 6 0 s  when 
l aws became more s t r ingent and enforcement practi ces improved . 

Much of the ear ly resea r ch d i d  not focus spec i f i cally on abandoned 
mine land probl ems; rather , it rel ated to active mine i s sues but was 
ca r r i ed out on abandoned mine s i tes . Research often was unr eported in 
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the general l i terature , because pr ivate compani es conducted i t  on 
company -owned l and , i n  some cases to improve that l and for pos tmin ing 
uses such as graz ing , forest products , and recrea t i on .  Some r esearch , 
however , was r epor ted in the open l i teratu r e  and in state and fede r al 
repo r ts . 2 The number of reports  of research on var ious rec l ama t i on 
prac t i ces has grown cons i derably over the past four decades . In the 
1 9 4 0 s , it averaged about 5 pe r yea r , in the 1950s , about 8 pe r yea r , 
in the 1 9 6 0 s , 2 5  per year , and in the 1 9 7 0 s , annual f igures were as 
h i gh as 1 8 9 . 2 

The Central  States Fores t  Expe r iment Stat ion of the u.s. 

Depar tment of Agr icul ture's Forest Serv i ce prov i ded l eader ship i n  
ear ly recl amat ion r es ea r ch .  Ind i v i dual s  at univers i ti es in 
Pennsylvan ia , Oh i o , Indiana , I l l ino is , and Wes t V i rg i n i a  made 
sign i f i cant cont r ibut ions . Much of this r es earch focused on facto rs 
af fect ing the establ ishment of trees and shrubs on ungraded mine 
land . Species adaptab i l i ty t r ials , plan t i ng methods , planting 
ar rangement , and s tock grad ing sys tems were evaluated . The e f fect o f  
pH a n d  other s o i l  characte r ist ics on seedl i ng survival and growth was 
i nvest i gated . 

In the eas tern coal f i elds , where recl amat�on problems wer e  
par t i cul a r ly severe ,  prac t i t ioners from several states came together 
to v is i t  abandoned mine l and s i tes , d i s cuss research progr es s , and 
evaluate new i deas . Th is form of r esearch and technology t r ans fer 
became mo r e  estab l i shed , as i t  was able to focus on common pr oblem 
areas . Research centers emerged i n  I l l i no i s , Kentuck y ,  Wes t  V i r g i n ia , 
and Pennsylvania , l inked w i th spec i f i c  resea rchers wo rk ing in 
government , i ndus try , and univers i t i es .  Beg inn ing in 1949 , A.  F .  
Grandt of Peabody Coal Company pioneered revege tat ion res ea rch in 
I l l ino i s . 3 His wor k  incl uded plan t ing of s t r i p-mined land fo r 
pas tur ing cat tle . w. D .  Kl i ms t ra at Southern I l l i no i s  Univer s i ty 
invento r ied the problems of abandoned mine l and in I l l inois , focusing 
on the development of wi ldl i fe . 4 I n  Wes t V i r g i n i a , R.  M .  Smith , in 
194 5 ,  cl ass i f ied spo i l  i n to three types according to the pH of the 
soi l sur face . He used l ime and fe r t i l i z e r  to es tab l i sh vege tat i on and 
showed that mulch ing and seedbed preparat ion and pr even t i on of cut t ing 
or graz ing a lso aid in establ i sh ing vegetation . 5 Later , w .  R .  
cu r t i s  o f  the Nor theas tern For es t  Expe r imen t Sta t ion pub l ished 
research on r evegetat i on for reduc t i on of sedimenta t ion and 
r unof f . 6 I n  the Wes t , T.  A .  Gwynn of the Kni fe River Coal Min ing 
Company repo r ted on establ i sh ing game management a r eas on reclaimed 
s t r ip mines . 7 

There was relat i vely l i t tle  rec l amat ion res ea rch in the Wes t  pr ior 
to 1970 . · However , much of today's subs idence control technology is a 
resul t  of wo r k  sponsor ed by the Bu r eau of Mines and pe r fo rmed in Rock 
Spr ings , Wyoming , and nor theas tern Pennsylvania du r ing the 1 9 6 0 s . 

The in i t i a t ion of the Su r face Env i r onmen t and Min ing Pr o j ect 
( SEAM ) by the u.s. Forest Ser v i ce in 1 9 7 3  prov i ded funds for a 
compr ehensive research program . This pr o j ect coordi nated and 
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suppo r ted resea rch b y  federal agencies , states , and univer s i t ies . 
Al though revege tat ion was emphasized , other aspects of r ecl amat i on and 
pol lut i on control were f unded . 

Many of the mos t  ser ious abandoned mine l and pr ob lems recognized 
today wer e  acknowledged as early as  the 1 9 4 0 s  and 1 9 5 0 s , but  remained 
un r es olved and l i t t l e-res earched . Aci d  mine drainage , bu rning in 
mines , gob and spo i l  piles , subs idence , unabated eros i on , and stream 
pol l u t i on we r e  not addressed in a manne r that would add new k nowledge 
and economic sol u t i ons to the probl ems . In some cases sol u t i ons wer e  
ava i l able , but the cos t  o f  co r rect i on was beyond the reach o f  the 
pr ivate and state ent i t ies that had r espon s ib i l i ty for them . Some o f  
thes e issues we re addressed a s  resea rch i f  they a f fected populat i on 
center s .  

Du r ing the 1 9 7 0 s  the Bur eau of Mines developed a microfi lm mine 
map r epos i tory system w i th maps contr ibuted by state min ing agenc ies 
and indus t r ies . Th is sys tem helped to gather toge ther in a cen tral 
data f i l e  mine maps from all over the Un i ted States and s t i l l  
r epr esents a va luable data base for subsi dence r es earch . 

Fund ing for the ear ly resea r ch came from a var iety of sour ces . 
The fede r a l  government s uppor ted mos t of.the resea rch through such 
agencies as the Depar tment of Agr icul ture , the Department of the 
Inter ior , the Depar tment of the Army , the Nat ional Sci ence Founda t ion , 
the Appalach ian Regional commiss ion , and the Env i ronmental Protect i on 
Agency ( EPA ) . Al though the total amount appr opr iated would be 
d i f f icult to de termine , i t  pr obably r eached several m i l l ion dol lars  
pe r year dur ing the 1 9 7 0 s . As an example ,  the u.s. Fo r es t  Service 
budget for the SEAM pro j ect in the West and a s u r face mine 
r ehab i l i ta t ion pro ject i n  the East totaled approxi mately $1 . 5  mi l l i on 
dur ing years of peak fund ing . Research pro j ec ts at univer s i t i es wer e  
suppor ted t o  a large extent b y  fede ral grants , b u t  funds d i d  come from 
the states . Sta te agencies r esponsible for  the r egula t i on of min ing 
act i v i t i es cont r ibuted some research funds . Al though the mining 
indus try pr ov i ded funds for spec i f i c  r esea rch , i ts pr ima ry 

· cont r ibut i on was l and , mate r ia l s , and se r v i ces . 
The l ar gest body of reclama t i on research pr ior to 1 9 7 7  was done 

under the auspi ces of the EPA and conce rned aci d  mine d r a inage . The 
1 9 3 7  Pennsylvan i a  Clean Streams Act and the 1 9 7 2  Federal  Water 
Pol l ut ion Con t rol Act l ed to a la rge amount of r es earch in th is area . 

Some state l aws predat ing PL 9 5 -87  pr ov i ded for a fund to reclaim 
abandoned mine l ands ( for  example ,  Oh io , Ma ryl and , and Wes t 
V i r ginia ) .  These funds resembled the AML fund i n  PL 9 5 -8 7  in that 
they wer e  composed of a sur tax on coa l  produced in the state w i th 
prov i s i on for match ing by the s tate government . In 1 96 6 , Pennsylvan i a  
author ized a hal f -mi l l ion-dol lar bond fund fo r •Ope rat ion Sca r l i ft , •  
one of the f i rst organ i zed abandoned mine land funds . 

Wi th the enactmen t of SMCRA in 1 9 7 7 , i t  was ant i c i pated that 
research for AML reclama t i on wou ld be suppor ted by the new feder al l aw 
and the agency created to ca r ry out the l aw .  As it  tu rned out , the 
over a l l  support for research decl ined du r ing the years immed iately 
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fol l owing SMCRA because o f  per cept ions o f  uncerta inty : indus t ry was 
now wa i t ing to see what was needed to meet the new regulat ions , and 
the newly c reated Off i ce of Surface Min ing and Reclama t i on Enforcemen t 
( OSM ) was occupied wi th devel opi ng r egu lat i ons ; off i c ials  had l i ttle  
t ime to con s i der research and  in fact did not see research as  a 
pr imary par t  of OSM's r egulatory/en fo rcemen t mis s i on . OSM d i d  give 
some l imi ted a ttent ion to fund ing several pro ject s , notably acid mine 
drainage in Wes t V i r g i n i a . OSM also funded appl ied 
research/development and exper imental pract i ces i n  AML reclama t i on 
through coope r at ive agr eements and grants to states . 

In the years fol l owing SMCRA, the number of federal agenc i es 
involved in  mined l and reclamat ion was reduced , fede ral grant money 
for research became more l imi ted , and ther e  have been few sour ces for 
AML resear ch fund ing outs i de the fede ral governmen t .  

1 . 2  SMCRA AND I TS PRI ORITIES 

Under Ti tle  IV of SMCRA, congress in tended to r ecl aim as much of 
the abandoned mine land d i sturbed by s u r face min ing as poss ible . In 
order to prov ide d i r ec t i on on accompl ish ing this task , pr ior it i es for 
recl ama t i on were es tabl i shed in the act . Under Sec t i on 4 0 3  of Ti t l e  
IV , t h e  fol l owing language addressed t h e  pr ior i t ies : 

Expendi ture of moneys from the [ Abandoned Mine Reclama t i on Fund ] 
• • • for the pu rposes of th is t i t l e  sha l l  ref lect the fol l owing 
pr i or i t i es in the order stated : 

( 1 )  the protec t i on of pub l i c  hea l th , safety,  general 
wel fare , and property from extreme danger of adverse 
ef fects of coal  min ing practices ; 

( 2 )  the protect i on of publ i c  heal th , safet y , and general  
welfare  f r om adverse ef fects of coal min ing prac t i ces ; 

( 3 )  the restorat i on of land and water r esour ces and the 
env i r onment pr ev iously degr aded by adverse ef fects of 
coal min ing pract i ces includ i ng measur es for the 
conser vat ion and devel opmen t of so i l , water ( exclud ing 
channel i z a t i on ) ,  woodland , f i sh and wildl i fe ,  
recreat i on r es ources , and agr icu l tu r al pr oduct i v ity ; 

( 4 )  research and demon s t r a t i on pr o j ects r elat ing to the 
development of sur face min ing r ec l amat ion and water  
qual ity cont rol program methods and techn iques ; 

( 5 )  the protect ion , r epa i r , r eplacement ,  construction , o r  
enhancement o f  publ ic fac i l i t i es such a s  u t i l i t i es , 
roads , recrea t i on , and conse r vat ion faci l i t ies 
adversely af fected by coal mining pract i ces ; 

( 6 )  the development of pub l icly owned l and adversely 
af fected by coal min ing pract i ces inc l ud ing l and 
acqu i r ed as prov i ded in this t i tl e  fo r r ecreat i on and 
h i s to r ic purposes , conservat i on , and reclama t i on 
pu rposes and open space benefi ts . 
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The incl us i on o f  res ea r ch i n  the l i s t  o f  reclamat ion pr ior i t i es by 
Congress indi cates that i t  was a topic of concern . However , i ts 
placement w i th in the l i s t  of pr ior i t i es is confus ing because i t  is  
unclear how congress intended such research to be accompl i shed , or how 
it should  be rel ated to the other pr ior i t ies . Amid th is confus i on , 
OSM interpreted the l aw so as to place pr i or i t i es 1 and 2 above the 
others , and it seemed that research projects would have to wa i t  unt i l  
the h i gher-pr ior i ty pr obl ems had been addressed . As a consequence , 
OSM d i d  not a l l ow any pu rely academi c research projects to be incl uded 
with s tate propos als as pro jects to be funded under the state gran t  
prov is ion o f  t h e  act . Al though some sta tes incl uded res earch pr o j ects 
as pa r t  of the i r  proposals , OSM would not fund these proposals because 
r esea r ch was a pr ior i ty 4 i tem . 

1 . 3  THE ESTABLISHM ENT OF AML RESEARCH UNDER OSM 

The Su r face Min ing control and Reclamat ion Act estab l ished an 
Abandoned Mine Reclama t i on Trust Fund , adminis tered by the Secretary 
of the Inter ior , to f i nance the rec l amat ion of coal surface min ing 
s i tes abandoned before August 3 ,  1 97 7 . �he fund cons i s ts of mon i es 
co l l ected f r om active coal min ing ope rat ions according to a spec i fied  
fee collect i on schedule . The d i s t r ibut i on of the AML reclama t i on fund 
was appo r t i oned as fo l l ows : s tate and I ndian Tr ibe shar e ,  5 0  pe rcent ; 
federal  shar e ,  2 0  per cent ; the Small Opera tors Ass is tance Program 
shar e ,  10 pe rcent o r  less ; and the Ru r a l  Abandoned Mine Land Progr am 
shar e ,  2 0  per cent or less . Sec t i on 4 0 l ( c ) ( 6 )  of SMCRA author i zed use 
of mon ies f r om the AML fund for r esea rch and demon s t r at ion pr o j ects , 
among other reclama t i on-rel a ted uses . ( See Append i x  A for a 
reproduc t i on of that sect i on of the act ) .  

In the early years of OSM the r espon s ib i l i ty for management of the 
agency ' s  resea r ch ef fo r t  was ves ted in the Rec l amat ion and Technol ogy 
Di v i s i on , w i th an annua l budget of about $soo,ooo. However , that 
r esea r ch program was d i r ected exclus i vely towar d  r esolv ing act ive 
min ing reclamat i on issues . Little or no program emphas is was placed 
on AML resea r ch because managemen t determined that du r ing th is pe r iod 
the agency had more pr ess ing organ i z a t i onal and programmatic  fund ing 
pr ior i t i es . 

By l ate 1 9 8 2 , however ,  several s ta tes had r eques ted funding fo r 
AML resear ch on s tate-spec i f ic pr obl ems . Al though most of the s tate 
res ea r ch proposal s add res sed l egi t i mate a r eas for inves t i gation , OSM 
dete rmined that such d ispersed r esearch effor ts would  r equ i r e  a very 
h igh total funding level and would a lmos t ce r ta in l y  l ead to 
dupl i ca t i on of ef for t .  Ther efor e ,  in r esponse to the need expr essed 
by the sta tes , OSM deci ded to develop an AML res ea rch pr ogram that 
would be central ly admin i s tered by OSM , but would a l l ow states and 
Ind ian t r ibes an equal vo i ce in the rev iew , select i on , and devel opmen t 
o f  r esear ch pr o j ects . 

In  the beg i nn ing of the pr ogram , i t  was not k nown how much 
inte r est the program would generate in the form of r esearch pr oposals 
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o r  the amount o f  funds that Congress wou ld appropr iate annual ly . 
Hence , few proposal gu idel ines wer e  ins t i tuted beyond the r equ i r emen t 
that they had to address solut ions to AML pr ior i t i es 1 and 2, o r  3 as 
defined in PL 95-87 . 

In  ant i cipat ion of the fi rst  appr opr ia t i on fo r AML res ea rch in 
f is cal  year 1 98 5 ,  OSM and the states/tr ibes devel oped procedu r es for a 
coope rat i ve AML resea r ch pr ogram in late 1 9 8 3  and i n i tiated a r es ea r ch 
pr o j ec t  selec t i on process in 1 9 8 4 . The f is cal year 1 9 8 5  congr ess i onal 
budge t to fund the pr o j ects selected in the summe r of 19 84 was for 
$2,000,000; these funds wer e  appropr i a ted from the AML fund . To 

min imize program cos ts and t r avel t ime , i t  was deci ded not to accept 
unsol i c i ted proposals throughout the year , but to make one annual 
sol i c i ta t i on for proposals and convene a r ev iew panel once du r ing the 
year to select the proposals to be funded for the next f is cal year . 
Management r espons i b i l i ty for the AML res ea r ch p r ogr am was ves ted in 
the OSM Di v i s i on of Federal Reclama t i on Pr ograms , unde r the As s i s tant 
Di r ec tor for Techni ca l  Ser v i ces and Resear ch . The pr imary funct i on of 
th i s  d i v i s i on was to manage all AML programs admin i s tered under 
federal  author i ty ( i . e . , AML emergency pr o j ects , AML progr ams in 
states that elec ted not to enfor ce the prov i s i ons of SMCRA themselves , 
and programs for a l l  I nd ian tr ibes ) .  

A profess i onal member of the d iv is i on s ta f f  was ass i gned to be the 
AML resear ch coord ina tor on a ful l -t ime bas i s . The coord inator 
developed for the OSM d i r ector ' s  appr ova l a l l  pr ogr am gu idel ines for  
pr oposal pr eparation , proposal evaluation , and  pro ject select i on . In  
add i t ion , he ser ved as the cha i r man of the AML Research Eva luat i on 
Panel and cast the dec id ing ba llot in the event of a t i e  vote among 
the other eight panel members . The coordinator also was to see that 
al l cost and techni ca l  negot i a t i ons were f inal i zed in a t imely manner , 
that r esear ch pro j ects we r e  car ef u l ly mon i to r ed ,  that cont r acts we r e  
admin i s tered accord ing t o  federal procurement regulati ons , and that 
the f i nal res ea r ch res u l ts we r e  d i s t r ibuted to the appropr iate state 
and federal AML agenc ies . Al though th is was the way the sys tem wa s 
supposed to ope rate in theor y ,  there was cons i de r ab l e  d i f f i cu l ty in 
mak ing t imely dec i s i ons at the var ious checkpo ints ( see Chapter 3 ,  
Sec t i on 3 . 2 ) . 

The selec t i on procedu r es ca l l ed for es tabl ishing a panel composed 
of four federal  and four s tate AML program member s ,  wi th the federal  
panel i s ts selected by OSM and state members recommended by the 
Assoc i a t i on for Abandoned Mine Land Programs . 

When proposals we re r ece i ved , copi es we r e  sent to a l l  panel 
members , who were g iven about two months to complete the i r  
eva luat ions . At the end o f  t h i s  r ev i ew per iod , the fu l l  panel met for 
about three days to make the f i nal  r ecommendation of pro jects that 
we re to be funded in the upcoming f i sca l year . Th is AML research 
recommendat i on was forwa r ded to the Deputy D i r ector for Operat i ons and 
Techn ical Ser v i ces fo r final r ev i ew and approva l .  

In the spr ing of 1 9 8 4  a r equest-for -proposals let ter was s ent t o  
a l l  state r egu latory author i t i es a n d  appropr iate fede r al agenc i es 
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i nv i t ing them to submi t r esearch proposals that wou ld address AM L  
pr ior i ty 1 and 2 ( pub l i c  health and safety ) pr oblems . Several  
organizat i ons s ubmi t ted proposals addres s ing AML water pol l u t i on 
is sues ; these submi tta l s  we r e  dete rmined to be nonr es pon s i ve since 
they dea lt w i th pr ior i ty 3 ( env i r onmenta l ) i ssues . A total of  64 
responses we r e  rece i ved , and s i x  pr o j ects we re funded in f is ca l  yea r  
1985 for a total of  $1,412,193. See Table 1.1 below f o r  the breakdown 
of fund ing by AML pro ject category , agency , and geograph ica l a r ea s .  
The f iscal year 1985 congres s i onal appropr i a t i on had been for 
$2,000,000, as noted ear l i er . However ,  the panel had dec i ded that not 
enough h igh-qual i ty proposals were received concern ing pr ior i ty 1 and 
2 problems , and ther efo r e  the unused po r t i on of the app r opr iated 
funds , $587,807, wou ld be ava i lable for use in f iscal yea r 1986. 

A notewor thy fe atu r e  in the struc tu r e  of the AML program under 
SMCRA is the abi l i ty for unexpended mon i es f r om one f iscal yea r to be 
spent in  s ucceed ing yea r s . Al l other r ec l amation programs funded 
under SMCRA rece ive annual appropr i a t ions , and unused mon i es at th e 
end of the year mus t  be r eturned to the federal  t r easury . Th is 
ca r r yover prov i s i on can be va luable to a resea rch program , because it 
a l l ows greater flexibi l i ty in the se lec t i on of h igh-qual i ty pr o j ects 
by el iminat i ng , i f  necessary , the requi rement to spend a l l  the 
appropr ia ted funds in a gi ven year . 

In  the spr ing of 1986 the r eques t for pr oposals  wa s advert i sed i n  
t h e  commer ce Bus iness Da i ly in order to reach a potent ial ly la rger 
numbe r of r es ea r ch organ i z a t i ons . In add i t i on ,  pr og r am management 
dec i ded to accept research proposals for pr ior i ty 1, 2, and 3 AML 
problems , but determined that no proposals  would be accepted for 
revege tat i on stud i es , s ince cons iderable effort in this area e i ther 
wa s cur rently under way or  had a l r eady been successfully completed . 
As a resu l t  of t h i s  i ncrease in r esearch scope , 104 proposal s were 
rece i ved , and 15 we r e  selected for fund ing . I n  f i s ca l  year 1986 
Congress appropr i ated $1,900,000 for AML resea rch , with $1,923,491 
ob l i gat ed . The amount in exces s of the appropr iat i on was funded f r om 
unused f iscal yea r  1985 funds . 

In  summa r y ,  the Of f i ce of Sur face Min ing managed the AML res earch 
prog r am for two yea rs , and dur ing th is per iod it funded 21 pro jects 
for a tota l of $3,335,684. Mo re than 90 percen t of these funds wer e  
expended o n  19 water pollut i on , subs idence , and mine f i re r esearch 
pr o j ec ts . Twenty-s i x  pe rcent of the funds we r e  awa r ded to the Bu reau 
of Mines , the only federal  agency to s ubmi t proposals . For ty-two 
pe rcent and 29 pe rcent of the funds we re awa rded to un ivers i ti es and 
pr i vate contractors , r espec t i vely . S i xty-seven percent of the funds 
we r e  awa r ded to organizat i ons wi th headquar te rs l ocated east of the 
Miss iss ippi Ri ver . Th is geograph i ca l  compa r ison of a l l ocat i on of 
funds may be mis lead i ng , s ince in seve ral cases research accompli shed 
by a gi ven company is appl i cable to nationwide AML pr oblems and has 
l i tt l e  or no co r relat i on to the loca t i on of the compan i es ' 
headqua r ters . However , i t  does indi cate that most of the funds wer e  
expended in the easte r n  reg i on of the coun t ry , whe re the bu lk of the 
coal probl ems have be en found . 
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TABLE 1.1 Summary for AML Resea rch Pro jects Funded in F iscal Years 198 5- 1987 
(total number of pr o j ects and dolla r s  by AML category and year) 

FY 1985 FY 1986 FY 1987 �T�o t� a�l�-------. 
(No.) Fund inq, $ (No.) Fund inq, $ (No.) Fund ing, $ (No.) Fund ing, $ P ercent 

cate� 

water pollution (6) 73 1,242 ( 7) 788,920 (13) 1 , 520,162 30.0 
Subs idence ( 3) 723,159 (6) 717,098 ( 3) 407,0 2 8  (12) 1,847,285 36.5 
Mine fi r es ( 3) 689,0 34 (1)  2 34,296 (2) 2 3 4,863 (6) 1,158,193 22.9 
Soils/revegetation (1) 100,855 (2) 91,1 18 ( 3) 191,973 3.8 
Mine open ings (1) 140,000 (1) 140,000 2.8 
S l ope s tabil izat ion (1) 20 1£376 (1) 201£3 76 4.0 

(6) 1,412,193 (15) 1,92 3,491 (15) 1,72 3,3 0 5  ( 36) 5,0 58,989 

Agen� studx 

� 

Feder al governmenta (1) 237, 100 (4) 613,212 (2) 3 5 1,376 ( 7) 1,20 1,688 23.7 
univer s i t ies (5) 1, 175,0 93 ( 3) 325,527 ( 7) 740,170 (15) 2,240,790 44.3 
consultants (8) 984,752 (6) 63 1,759 (14) 1,616,511 3 2.0 

(36) 5,058,989 

Geograph ic Ar eab 

Eastern ( 3) 73 4,747 (12) 1,4 8 5,8 53 (10) 1,261,436 (25) 3,482,0 36 68.8 
Wes tern ( 3) 677,446 ( 3) 437,638 (5) 461,869 ( 1 1) 1,576,953 3 1 . 2  

(36) 5,0 5 8,989 

a On ly the Bur eau of Mines responded to the reques t for proposals. 
b The Miss i s s ippi River was cons i dered to be the boundary between eas t  and west .  

.... 
U1 
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Gi ven the nume rous r egu lato ry and en forcemen t ta sks the agency had 
to per form,  OSM ' s  AML research program was at a relative 
d isadvantage . Seve ral  weak nes ses characte r i zed the pr ogr am . Fi rs t , 
the system was pr ima r i ly reac t i ve in na ture . The appl ication proces s  
ref lected OSM ' s  inten t  t o  a l l ow t h e  research agenda a n d  r es earch 
pr i o r i t ies to develop from proposa l s . The g u i del ines for s ubmitt ing 
propos a l s  we re not suff i c i ently focused , and the res ultant pr opos a l s  
cove red a w ide range o f  AML topics a n d  problems . S i nce only l imi ted 
f inanc i a l  resources we re ava i l abl e , the res earch effort in  ret rospect 
shou ld have be en focused on several of the more ser i ous rec l amat i on 
problems . In  add i t i on ,  OSM had cons i de r ab l e  d i f f i cu lty in final i z ing 
con t r ac t  awards . on several  occas i ons projec ts we re approved in  
January of the f i s ca l  year , but  the related cont r ac ts we r e  not awarde d  
for many months . Another pr obl em was that t h e  system had no fund ing 
mechanism fo r amending or ex tend ing r esearch pr o j ec ts that had 
produced promi s ing ini t ial resu l t s . Al l pro j ect amendments had to be 
res ubmi tted fo r fund ing con s i de r at i on du r ing the nex t  fisca l  year . 
The pro j ec t  selec t i on process conta ined no forma l  pr ov i s i on for peer 
rev i ew and , as a res u l t , it  is  uncl ear whether the bes t des i gned or 
most impo r tant resea rch proposal s we re selec ted . An add i ti onal 
weakness in  OSM ' s  AML resear ch prog r am wa s the absence of pr ov is i ons 
for technology t ransfer . That is , once the f i nal resear ch r eports 
we r e  recei ved , no plans we r e  made for p r ov id ing the research f i nd ings 
to the poten t i a l  community of users . Final ly , the program was 
des igned to develop emergency solut i ons that , i t  was hoped , could be 
appl ied nat i onal ly to a pa r t i cular rec lama t i on cons t r uc t i on problem . 
Bu t mo r e  of ten than not , this type of so lut i on appl i ed on ly to local 
or , at best , reg i onal AML probl ems . Those who managed the new AML 
resea r ch program d i d  not seek appl i ed research add r es sing the more 
complex and int rac table AML reclama t i on problems that cou l d  have 
r equ i r ed yea r s  of f und ing to solve . 

1 . 4  THE TRANSFER OF AML RESEARCH TO THE BUREAU OF M I NES 

In the fi sca l  year 1 9 8 7  Con t i nu ing Resolut i on for Feder a l  Agenci es 
( PL 9 9-59 1 ) enac ted in Octobe r  1 98 6 , congress trans fer red the AML 
research program and $1 . 9  mi l l i on in  fund ing f r om OSM to the Bu r eau of 
Mines ( BOM ) . Th is act i on t rans ferred the autho r i ty to conduct AML 
r es ea r ch as author ized by PL 9 5 -8 7 , Sec t i on 4 0 l ( c ) ( 6 )  to BOM beg i nning 
w i th f i scal year  1 9 8 7 , but the r espons i b i l i ty for conduct ing all other 
func t i ons of the AML program rema ined wi th OSM .  The appr opr iat i on 
l anguage s t i pu l a ted that BOM shou ld select rec lamati on pro jec ts based 
on establ i shed r esea r ch pr i or it i es and that an AML research panel be 
establ i shed to eva luate r esea rch proposa l s . The panel was to be 
composed of four r epr esenta t i ves f r om the bu reau , four f r om s tate AML 
prog ram personnel , and one from OSM and wou ld meet at least annual ly 
to select the AML resea r ch p r o jec ts that should be funded . 

Cong res sman Nick J .  Rahal l I I ,  cha i rman of the Subcomm i t tee on 
Min ing and Natural  Resources of the House commi ttee on Inte r ior and 
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Insular  Affai rs , had authored the proposa l  to trans fe r  the AML 
research program . I n  a letter to the d i recto r  of the Bu reau of Mines , 
he stated : 

• • •  i t  has been my intent i on to impr ove the managemen t and 
effecti veness of the AML resear ch program through this trans fer . 
I bel i eve the Bur eau now has befo r e  it  an oppo r tun i ty to mak e an 
even greater contr ibution to the development of those technolog i es 
that wi l l  fac i l i tate better r ec l amat i on prac t i ces on abandoned 
coal mine lands . 8 

I t  was congr es sman Raha l l ' s  pos i t i on that the Bu r eau of Mines 
a l ready had the r esearch organ i zation i n  place and the expe r t i se and 
capab i l i ty to conduct AML research . Fu r thermo r e , the Bu reau of Mines 
i s  now the predominant agency among publ i c  and pr ivate organ izations 
conduc ting r esearch in aci d  mine d r a inage , mine f i res ,  and 
subs idence--three of the most preval ent and troublesome prob lems that 
wer e  to be addressed by OSM ' s l ates t AML res earch effort . However , 
Mr . Rahal ! stated in the congres s i onal Reco r d9 : 

As the author of this prov is i on ,  I would l i k e  to mak e i t  c l ear  
that the ma jo r i ty of  the r esearch and demonstrati on pro j ects 
selec ted to be undertaken under this pr ogr am should be conduc ted 
on a contrac ted-out bas i s . Ac tual pro j ect selec t i on w i l l  be made 
by a panel cons i s t ing of both Sta te and Federal o f f i c i a l s  wh ich 
will r ev i ew r esea r ch proposal s .  

Mr .  Rahal ! wa s awa r e  that a lmos t 3 0  pe rcent o f  the f i s ca l  year 1 9 8 6  
AM L  research budget had been awarded t o  BOM , and h e  wanted t o  ensu r e  
that a signi f i cant po r t i on would b e  conducted through outs i de 
cont racts . 

In cong r es s i onal tes timony , Raha l! env is i oned how a newly p laced 
AML research program was to be conducted . l O He emphas i zed a 
prefe r ence fo r appl i ed r esearch that co uld be completed and used in a 
short  t ime , an intention that mos t  AML resea rch proj ec ts be contracted 
out , and a r equ i r ement that the se lec t i on panel con s i de r  •any propos a l  
that involves a mul t i -d i scipl inary approach t o  add res s i ng in a 
comprehensive fash i on the ma j o r  techn ical  prob l ems fac i ng r ec l amat i on 
prac t i t ioners in this country . •  He also s t r essed that an ef fec tive 
techno l ogy transfer program was to be i n co rpo r ated into the r esearch 
program .  

The l egi s l at ive intent in tr ans fe r r ing the AM L  research program to 
the Bureau of Mines was to seek innova t i ve technolog i es to ach ieve 
pract i ca l ,  short-term solut i ons to those r ec l amat i on prob l ems 
r ema in ing in the field , solutions tha t had broad geograph i c  
appl i cabi l i ty . Th is res ea r ch program , un l i k e  mos t BO M  r esearch 
tradi t i onal ly , viewed • r esea r ch • as a search for solut i ons . 
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In December 1 98 6 ,  BOM management o f f i c ials met w i th 
r epresenta t i ves f r om state AML programs in Sa l t  Lak e C i ty to sol i c i t 
recommendat i ons for state member ship on the AML r esea rch panel . In 
mid-January 1987 a memorandum of under stand ing was final i zed between 
BOM and OSM that outl ined the functions and r espons ib i l i ti es of both 
o rgan i z a t i ons in mak ing the t r ans i ti on and in i mplemen t i ng the pr ogram 
BOM des i gned . In March 1 9 8 7  the BOM rev i ew panel met for the f i rs t  
t ime and sel ected 15 pro j ects fo r f i s ca l  year 1 9 8 7  fun d ing . 

1 . 5  THE AML RES EARCH PROGRAM UNDER BOM 

Because the congr es s i onal ac t i on to t r ansfer the AML research 
prog r am from OSM to BOM did not occur unt i l  OCtober 1 9 8 6 , the proces s 
for selecting and funding the 1 9 8 7  AML research projec ts has fallen 
about a yea r  beh i nd schedule . In an effort to br ing the process to a 
r egu lar yea r ly schedule , the new panel deci ded to select r esearch 
pro j ec ts f r om among the proposals s ubmi t ted unde r the OSM-generated 
1 9 8 6  Comme rce Bus iness Da i ly ( CBD ) announcement and to employ the 
e x i s t ing OSM gu i del ines and cr i te r i a  for pro j ect selec t i on . In 
add i t i on , the panel recommended that the BOM pr ocu r ement pr ocess be 
accelerated and that nex t  CBD announcement , for f iscal yea r  1 9 8 8 , be 
wr i tten by BOM and pub l i shed as soon as pos s i bl e , after rece i v ing the 
benefi t of independent profess ional guidance on AML resea r ch 
pr ior it ies f r om the NRC ' s  Committee on Abandoned Mine Lands Research 
Pr i o r i t i es .  

On Mar ch 12, 1987, the r ev i ew panel convened and sel ec ted 1 5  
pro j ec ts t o  b e  funded f o r  a tota l  of $1,723,305. Ei ghty-s i x  AML 
r es earch proposa l s  had been rece i ved f r om the federal governmen t 
( Bu r eau of Mines ) ,  univers i t i es , and r esearch consu l tants . About 
two-t h i rds of the funds a r e  devoted to water pol l u t i on and subs i dence 
iss ues . Un ivers i t ies and research organ i z a t i ons from the pr ivate 
sector a r e  rece i v ing a lmos t 80 pe rcent of the funds , and the Bu r eau of 
Mines , as the only federal gover nmen t r espondent , is recei v i ng just 
over 20 pe rcent of the funds to f i nance AML research pro j ec ts , thr ough 
i ts Pit tsburgh Research Center . Approx imately 75 percent of a l l  
fisca l  year 1 9 87 AML research funds a r e  awa r ded t o  r es earch 
organ i z a t i ons w i th headquar ters east of the Miss iss ippi River . 

Begi nning in f i sca l year 19 8 8  the bur eau ' s  charge wi l l  be to 
select and fund AML r esearch pro j ects annual ly , based on es tabl i shed 
nat i onal r es ea r ch pr ior it ies . In add i t i on ,  it is  to assur e a timely 
awa rd ing of contracts and an ef fect ive mon i tor ing of r esearch 
prog r es s . The bur eau a l so is cha rged wi th es tab l i s h ing an effec t i ve 
program for technology transfer . And i t  is  to encourage active coal 
min ing ope rat i ons to empl oy the lates t r esearch devel opments to ca r ry 
out the mandate of PL 95-87 to mine and recla im in a contempor aneous 
manner . 
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1.6 SUMMARY 

Dur ing fisca l year s  1985, 1986, and 1987, congr es s  has 
appropr iated approximately $5.8 m i l l i on for the AML research program . 
Dur ing th is per i od 254 AM L  research propos a l s  we r e  r ece ived , and 36 
wer e  funded , for a total out l ay of $5,058,989, ( Table 1.1 ).  
Eighty-e ight percent o f  the funds we r e  expended on water po l lut i on ,  
subs idence , and mine f i r e  problems . For ty-four percent went to 
un ivers i ty r esea r ch organizat i ons , 32 percent to pr i vate res earch 
organ i z a t i ons , and about one-fourth to the BOM Pi ttsburgh Resea rch 
Center . Almost 70 percent of the funds we r e  awa r ded to organ i z a t i ons 
whose headquarters are east of the Miss iss ippi . 

The Bur eau of Mines has now assumed r espon s i b i l i ty for the $2 
mi l l i on/year AML r esearch program ,  for iden t i fying top r esearch 
pr i or i t i es fo r abandoned mine l ands , and for ensur ing a pr o j ec t  
selec t i on process that accurately ref lects the h i ghes t  r esearch 
pr i or i t i es . 

The next chapter wi l l  present an overview of the pr ogres s  made in 
resea rch on water qua l i ty ,  s ubs idence , mine waste , r evegetat i on ,  and 
other major problem area s  pe r t i nen t to abandoned mine lands . The 
views of geolog ists , min ing eng ineers , and other spec ial ists in 
abandoned mine r eclama t i on wer e  sough t , and thei r pe rcept i ons of 
today ' s  top resear ch pr ior i t i es are also presen ted . 
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Chapter 2 

SETTING AML RESEARCH PRIORITIES I N  THE BUREAU OP MI NES 

2 . 1 AML RESEARCH PROBLEMS RESOLVED AND REMAINING 

What has been learned conce rning reclaiming abandoned mine lands ? 
Each problem i s  s i te-spec i f i c ,  but expe r i ence has shown how to res hape 
the land a nd cont rol e rosion through revegetation . Some 
physi ochemica l interac t i ons of mine rals in spoi ls and gob that are 
aci d-produc ing a re unde rstood,  and procedu res have been deve loped t o  
reshape the land to reduce or el iminate the i r impac t o n  vegetat i on . 
Those physi ochemical mechan i sms produc i ng acid drai nage that are  
understood have not yielded to cont rol in ce rtain set t ings through 
eng i nee r i ng or sci ent i f ic procedu res . 

The d iscuss i on in this  chapter  is  framed in the context of the 
l i st of resea rch a reas used i n  the commi ttee ' s  f i e ld i nqui ry to e l i c i t  
the pe rcept ions o f  expe rts  conce rning the highest -pr i o r i ty research 
needs . Th i s  l i st i s  shown as Table 2 . 1 .  The l i st does not reflect 
any orde r ing or rank ing of research pr i o r i t ies . The AML problems 
be ing r epai red at the present t ime a re just i f ied on the bas i s  of 
heal th and safety , wh ich are cove red under pr ior i t i es 1 and 2 of 
SMCRA . ' Howeve r ,  in most cases the cor rect i on of the hea lth and safety 
aspect of the problem requ i res tha t  the ac tua l reclamat ion wo rk 
add ress the biolog ical a nd env i ronmental rehab i l i tati on of d i stu rbed 
land . Work done pr ior to SMCRA was prima r i ly conce rned with the 
m i t i gation of env i ronmental problems , and many of those problems 
rema i n  unresolved today . Acid mine d r a i nage , though class i f ied as a 
lower -pr ior i ty envi ronmental problem by OSM , is vi ewed by many people 
to be the most pres s i ng need in research and developmen t .  The refore 
this d i scus s i on of the status of resea rch on abandoned mi ne lands wi l l  
include envi ronmental aspects . 

Reshaping the land is t he ma j o r  method for rec l a iming abandoned 
m i ne s ites . Pi ve of the AML reclama t i on resea rch prior i ty areas 
( Table 2 . 1 )  fall under the catego ry of land reshapi ng . They a r e  
landsl ides , slope stabi l i ty,  mi ne was t e ,  topsoi l i ng ,  and land 
subs i dence . 

The abandoned land left after  surface min i ng is affected by many 
k i nds of p robl ems . Wh i le the topogr aphy and geology of the coal 
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TABLE 2 . 1  AML Rec lamat ion Resea rch Prior i ty Areas * 

A.  AML resour ce eva luat i ons 

B. Lands l i des 

c. Mi ne f i res 

D. Mine open ings 
Sha f t  f i ll i ng and sea l i ng 
Adi t  and portal seal ing 

E .  Mine wastes 

P .  Revegetation 

G .  Slope stabi l i ty 
Highwa l l s  
Refuse pi les 

H .  Subs idence 
Pred ic t i on 
cont rol 
Vo id f i ll i ng 
Underg round vo id detec t i on 

I .  Topsoil i ng 

J .  Tox ic soi l s  

K .  Water qua l i ty 
Aci d  mine drainage ( AMD )  
Coal mi ne lakes 
suspended and d issolved sol ids 
Trace elements 

L .  Others 

* An unranked l i st ing 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Sett ing Pr ior i t ies for  Abandoned Mine Land Research
http: / /www.nap.edu/catalog.php?record_id=18916

http://www.nap.edu/catalog.php?record_id=18916


23  

d i ctate wh ich mining methods to employ ,  the problems a re s imi la r , 
regar dless of wh ich method ha s been employed . Eros i on ,  uns table 
slopes , aci d  production ,  sed iment production,  unstable h i ghwa l l s , and 
acid  ponds a r e  commonly encounte red . Techn iques are ava i lable to 
cor rect these problems , but improvements on these cu r rent methods may 
prove d i sproport i onately costly . An ove rv i ew of cu r rent techno log ies 
ava i l able for abandoned mine land reclama t i on is in orde r . 

Probably the most d i f f icult aspect of reshaping the land relates 
to the expec ted l i fe of the remed ial  t reatment . In the case of land 
sur faces , natural  geomorph i c  processes a r e  cons tant ly at wo r k , 
level ing any ove rsteep t e r ra i n . If  a problem on a s teep slope i s  
add r es sed wi thout reduc i ng the degree o f  slope , the problem might 
r equi re pe rpetual ma intenance . We need to dete rmi ne how to apply t h i s  
geomorphic knowledge to t h e  long-term planni ng for abandoned mine land 
reclama tion . 

In t he case of contour min i ng ,  reclamat ion of abandoned hi ghwa l l s  
a nd outslope depos i ts has been d i f f i cu l t . Expens i ve and d i s r uptive 
mass i ve ear th-reshaping pro j ec t s  have been the ma j o r  methods of 
rec l ama t i on . When a uge r mining fol lows the removal of coal by contou r 
min i ng ,  the l ong ho r izontal bo r e  ho les may produce ac i d i c  drainage . 
Cons ider ing the present cond i t i on of pa r t i a l ly r eclaimed h ighwa l l s  and 
the cost of total rec lamat ion , long-term mai ntenance may be the bes t  
solu t i on cur rent ly ava i lable . ! 

The problem a r eas d iscussed be low we r e  cons idered to be of pr ime 
impo rtance for AML resea rch , acco r d i ng to the la rge group of expe r t s  
consulted b y  the commi ttee . They are  d i s cussed be low in order o f  
p r i o r ity ,  w i th water qua l i ty pe rcei ved as most u rgent . Some o f  the 
problems pointed out for AML r esea rch , acco r d i ng to those consu lted , 
related to hea lth and safety aspec ts ( e . g . , subs idence , m i ne f i res , 
mine openi ngs ) .  Howeve r ,  the ma j o r  topics of conce rn we r e  more 
c losely related to p r i o r i ty 3 under SMCRA ' s  sec t ion 4 0 3 . Some gene r a l  
h ighl ights o f  r esearch progress in t hese sub ject a r ea s  a r e  now 
summa r i zed . 

Wat er  qual i ty :  I t  i s  in the area of wa ter  qual i ty that the mos t 
se r i ous abandoned m i ne probl ems ex i s t . Water qua l i ty problem a reas 
that have been i dent i f i ed include ac i d  mine d r a i nage , mine 
impoundments and wet la nds , suspended and d i s so l ved sol ids , and t race 
elements . Many wat e r  problems rema i n  on abandoned mine lands because 
p recipi tation on the s u r face reac ts read i ly with e xposed m i ne r a l s  t o  
produce ac id cond i t i ons . Aci d i c  groundwater may be d i s charged to 
st reams , lakes , wel ls , a nd seeps . The methods of t reat i ng surface 
wat e r  to bring i t  to acceptable leve l s  of qual i ty are  we l l -known , but 
in some cases the costs a r e  proh i b i t i ve . New economical techniques 
f o r  neut rali zat i on are  needed . A bet t e r  unde r s tanding of groundwa t e r  
occu r rence in abandoned m i n e s  a nd a u g e r  h o l e s  shou ld lead to be t te r  
solut ions t o  the ac id mine d r a i nage problem . 

Th rough planned recons t r uc t i on of the land and vegetat i on 
establ i shments , eros i on i s  r educed and sed imen t pr oduct i on i s  
lowe red . Vege tat i on estab l i shment and soi l development may reduce the 
concent rat ion of d i s solved sol i ds and t race element s  in s u r f ace runof f .  
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Subs idence : The most enigmat ic a rea in abandoned mine land 
research may be subs i dence . Underg round min i ng in the pas t created 
cavi t i es that may cause ove rbu rden rock s t rata to col lapse . The t ime 
of co l l apse is unknown , because even the cos t ly pred ic t i ve methods 
ava i l able today are i naccu r a t e .  What is known i s  that the type of 
rock and the depth of the mine dete rmine when f aulure occurs . cu rren t  
resea rch on subs idence does not appea r to b e  prov id i ng economical 
cor rec t i ve measur es . At present the best way to pr event subs i dence in 
abandoned deep mi nes i s  to back f i l l  the underground mine wor k ings with 
mater ials . Th is is  ve ry costly and thus not economica l ly feas i bl e  
except for  spec ia l cases , e . g . , those in  wh i ch publ ic fac i l i t i es ,  
houses , and othe r va luable st ructu res a r e  at r i sk . I n  area s  such as 
ag r i cu ltural land , s imp ly regrad i ng and f i l l i ng the surface voids as 
they occur may be the mos t  cost-e f f ec t i ve procedu re . New ins i ghts are  
needed i n  this  a rea of abandoned m i ne land problems . An evaluat i on of 
tota l cost of rec lamat ion , facto r i ng in the t ime element and cont i nued 
ma i nt enance o r  i nsu rance cost s , needs to be resea rched to assu re the 
most co st-effec t i ve subs idence rec lamat ion . 

Mine waste : Mine waste can gene ral ly be class i f ied as coa rse 
mat e r i a l s  ( gob ) and f i ne mat er ials  ( s l u r ry ) . Abandoned gob i s  
gene ral ly fou nd i n  l a r g e  pi les , whereas slu r ry i s  placed i n  ponds 
because it is  t ranspo r ted to the d isposal a r ea in wate r .  Each of 
these k i nds of waste poses d i f fe rent problems . Gob is placed in  la rge 
pi les that erode eas i ly to produce sed iment , suspended so l i ds , 
d i sso l ved solids , a nd t race element s .  Ea rth embankments ho lding 
sl u r ry can f a i l by lands l i de . Slu r ry pond embankment s  o r  dams have 
f a i led a nd have caused ma j o r  d i sasters and loss of li ves becau se of 
the i r  locat ion nea r  commun i t i es . The gob pi les and slu r ry ponds may 
be a sou r ce of acid m i ne drai nage because of the h i gh concentrat i on o f  
pyr i te in  t h e  wa ste mat e r i a l s . 

Resear ch has been conducted on mine spoi l s  wi thout a s i gni f i can t 
d i s t i nc t i on be ing drawn be tween mi ne spoi ls produced by excava t i on and 
those produced by coal cleaning . Recently many of these wa ste pi les 
have been el iminated by r eprocess i ng to remove the rema i n i ng coal . 

In summa ry , ex t r ac t i on of r ema i n i ng coal f r om gob pi les , reshaping 
gob pi les to a stable conf i gu r a t i on , a nd cove r i ng them w i th nontox ic 
mat e r ials  that wi l l  suppor t  vege tat ion gene rally have been the mos t  
wide ly used methods of  rec lamation . 

Revegetat i on : Much ha s been learned about plant growth on ac t i ve 
and abandoned mine lands , and our knowledge i n  this  a rea con t inues to 
advance . Prope r ly deve loped land can produce c rops of economic value , 
rec reat ional a reas , a nd wi ld l i fe hab i tat . 

Hund r eds of ac res of product i ve forests planted on unl eveled , 
r ocky spoi l demonst rate that t rees and shrubs shou ld recei ve pr i o r i t y  
cons i derat i on in abandoned mine land reclamat i on , pa rt icul a r ly in the 
ea stern  Un i ted States . Previous resea rch documents spec ies  
compat ibi l i t y ,  plant ing ar rangemen t ,  p l ant ing methods , and stock 
g r ad i ng systems . Acceptable growth has occu r red on s i t es w i th a wide 
range of phy s i c a l  and chemical characte r i s t i c s . Min imum g r ad ing is 
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requi red , a rocky surface is  acceptable , and the use of topso il  or  
expensive amendments is  seldom requ i red .  A low-dens i ty cover c rop of  
g rasses a nd l egumes mu st be estab l i shed to minim i ze e rosion . Th is can 
be accompli shed on most si tes by us i ng cu r rent techno logy . 

Ag r icu ltural crops may be s uccessful on abandoned mine lands w i t h  
su i table physical a n d  chemica l  cha racte r i s t ics , topog r aphy that 
pe rmi t s  the use of f a rm mach inery , and a sour ce of topsoi l .  Pastu r e  
and fo rage c rops have the bes t  opportun i ty f o r  success . A sma l l  
pe r centage o f  the AML land can be used f o r  row crops . Th is requi res 
intens i ve and co stly t reatment to prepare the si te and ma inta i n  
p roduct i v i ty .  

St rong ac i d i c  o r  tox i c  spo i l  cond i t i ons may occur on the su r f ace 
of some abandoned mine land befo re grad ing ,  or such cond i t ions may be 
exposed du r ing grad ing . Minimum grading should be cons i de red on s i tes 
whe re the re i s  a h i gh potent ial  for  tox ic spoi l s . Area s whe re planted 
o r  voluntee r  vege tat ion ha s become establ i shed ind icate the su r f ace 
few i nches of spoi l have leached and weathe red to a deg r ee that some 
plant spec i es wi ll  survive . Modes t  amounts of fe rt i l i z e r , l ime , o r  
other amendments a nd selected plant species may achieve a n  acceptab le 
vegetat ive cove r .  Reg rad ing these si tes could expose unweathered 
tox ic spoi l that may be e x t r eme ly d i f f i cu lt o r  impos sible  to 
revege tate . 

Treatment of st rong ly ac i d i c  and tox i c  spoi l s  may be by bu r ia l  
beneath a nontox ic mate r i a l , by ut i l i z i ng neut ral i z i ng mate r i a l s ,  o r  
by a combinat i on of bot h .  Fou r t o  s i x  inches o f  topso i l  ove r  24  
inches of neut ral i zed spo i l  shows g reat promi se . Resea rch and 
expe r iments ca r r i ed out by the corps of Eng inee r s  on the Tennessee 
Tomb igbee Wate rway Project ind i cated that to get l ime to the requi red 
depth of one foot r equ i r ed a heavy-duty bogging disc wi th 
28 -inch-d i ameter d i scs wh i ch phys ical ly i nco rpo rated l ime to abou t 
e i ght inches . Leach ing then car r ied the l ime to g reater depths . 2 

Resea r ch has shown that vegetat ion establ i shmen t is pos s i ble after 
i ntensive t reatments . Howeve r ,  the re i s  g reat va r i ab i l i ty i n  the 
length of t ime these t r eatments rema i n  ef fec t i ve . Wet t i ng and drying 
cyc les contr ibute to capi l la ry act i on that d raws tox ic ions to the 
sur face . Eros i on may r emove a l l  or  po rt ions of the topso i l , and i t s  
bene f i c ial  effects wil l be los t .  

Mine f i res :  Types o f  f i res related t o  coal min ing r ange f r om 
unmined bu rn ing coal seams , coal seam f i res in  mines to spoi l and gob 
pi le f i res .  In the case of coal seam f i res , the coal and ad jacent 
shale beds bu rn because of e i ther h i gh pyr i te content or  natural 
igni t i on of the seam by l i ghtning , range f i res ,  or  spon taneous 
combu s t ion . ou r abi l i ty to con t ro l  coa l seam f i res has not 
signi f i cantly improved , but resea rch conducted by the Bu reau of M ines 
and othe r agenc i es has att empted to seek solut i ons . Limi t i ng the 
ava i l abi l i ty of oxygen to t he bu r n i ng coal seam is d i f f i cu l t . 
Ex tens i ve subs u r f ace i nves t igat ion is requi red to def i ne the ext ent o f  
the f i re and the natu r e  of the rocks in  wh ich t h e  coa l  occurs . 
Resea rch is needed in t h i s  latte r  a rea to reduce the cost of cu r ren t 
techn iques . 
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F i res occu r in spo i l s  and gob piles thr ough spontaneous combu s t i on 
o r  f r om ad j acent man-made or natural  f i res . The technology for 
ex t i nguishing the f i re is  l imited to excava t ion and su rface cool ing 
befo re replac ing in  an oxygen-reduc ing subsurface bu r ia l . In-s i tu 
methods might be more cos t -effec t i ve if  they could be found . Locat i on 
of the burn i ng bounda ry i s  another  problem that wou ld benef i t  f r om 
resea r ch . 

M ine open i ngs : Many of the mine shafts and po rtal s iden t i f ied as 
p r i o r ity 1 or 2 probl ems have been addressed by a var iety of 
techn iques appropr iate for the locat i on .  The techno logy may be 
improved if resea rch is conducted in  this  a rea , but it  appea rs that 
cu r rent sol u t i ons a r e  cos t -effec t i ve . Pr esent needs in this a r ea a r e  
techno logy t rans fer of al l cos t -ef f ec t i ve des i gns a n d  resea rch 
conce r n i ng hyd raul i c  mine seal s .  

AML resou rce eva luati ons : Pr i o r  to SMCRA , some states had 
conduc ted invento r i es of abandoned mine lands within  the i r  
bounda r i es .  These invento r ies gene rally included total  acres 
d i sturbed , ac i d i ty of the spoi l ,  water qual ity,  and in some cases an 
assessment of the vo luntee r vegetat ion and wi ldl i fe habi tat values . 
With the advent of r emining poss i bi l i t i es for  coal mines and waste 
pi les , the abandoned mines might be cons i dered potent i a l  mines , and 
new i nven to r i es ,  includ i ng rema i n ing coal resou rces , may be needed . 

Wi ldl i fe : The wi ldl i fe aspec t of abandoned mine l ands has been 
stud ied in some detai l .  Thi s  was an ea r ly component of abandoned mine 
reclamat i on r esea r ch . Di f f e r en t  hab i tats a r e  produced in a gi ven 
region as the r esu lt  of min ing . Lakes a re formed , wet lands are 
fo rmed , and in some ca ses , such as in the Midwest , r ugged te r r a i n  is 
c reated . With the expans i on of lakes and wet lands , mo re duck and f i sh 
habi tats are formed . The rugged te r ra i n  crea ted by grad ing or 
h i ghwa lls provides desi rable habi tat for wi ldl ife . In the past these 
lands we re of ten reclaimed as rec reat i onal wi ldl i fe management ar eas 
sho r t ly after the lands we re abandoned . Recent l y ,  impo r tant resea rch 
has shown that the creat i on of wet land areas and the associated 

. ecosystem a i ds in the pa r t i a l  t reatment of acid mine drainage , and 
such solut ions are be i ng appl i ed under Ti t le v of the ac t .  Even 
though wi ldl i fe habi tat deve lopment was inc identa l to the rec lamat i on 
ob j ec t i ves of abandoned mines , th is form of r eclamat i on could be ve ry 
cos t -ef fec t i ve a s  wel l as benef i c i a l . Each speci es of local or  
migratory wi ldl i f e  requ i r es spec i f i c  types of hab i tat . The 
recogn i t ion of these r equi rements and crea t i on of wildl i fe hab i ta t  
featu r es targeted to spec i f i c  spec ies shou ld be s t r ongly emphasi zed 
f o r  abandoned mine land reclamat ion . 

2 . 2  I DENT I FYI NG THE H I GHEST-PRI ORI TY RES EARCH PROBL EMS 

To ga in an ove r a l l  ident i f i ca t i on of those AML resea rch areas most 
in  need of at tent i on , the NRC Commi ttee on Abandoned Mine Lands 
Resea rch P r i o r i t i es sent a letter  to knowledgeable profess i onal s  
thr oughout the coun t ry ask ing them to i den t i fy the h ighes t -pr ior i ty 

Copyright © National Academy of Sciences. All rights reserved.

Setting Priorities for Abandoned Mine Land Research
http://www.nap.edu/catalog.php?record_id=18916

http://www.nap.edu/catalog.php?record_id=18916


27 

AML resea rch nee ds in the i r  regions . The inqu i ry was sent to 
ind iv i dua l s  i n  va r i ous resea rch ins t i tut i ons , organ i z a t i ons , 
government agenc i es , and indus t r i es ,  cover ing al l coa l regions of the 
count ry . 

The letter ( Append i x  B )  asked the respondents to i dent i fy the 
three most impo r tant AML resea rch p r i or i t i es in the i r  reg i on , and to 
outl i ne t he most cha l lenging , int rac table , and promis i ng res ea rch 
p robl ems r ema i n ing to be so lved that a re most l i ke ly to have a h i gh 
return o r  inves tment . A l i s t  of possible res ea rch topi cs , prov ided by 
the AML research o f f i ce of BOM , was i nc l uded for thei r use ( Table 2 . 1 ) .  

One hund red t h i rty-s i x  let ters we re sent to ind i v idual s 
represent ing f i ve ma j o r  g roups --state AML program di rec tors , state 
geol og i sts , Min ing and Mine ral Resou rces Ins ti tute d i r ec tors , 
rep r esentati ves of the coa l indu s t ry and min ing associ a t i ons , and 
r epresentat ives of the Ame r ican Soci ety for Su rface Mining and 
Recl amat ion . S i x ty-ei ght r esponses we re rece ived , for a 50 pe rcent 
response rat e . 

2 . 2 . 1  Results of the Cr i t ical Gr oup Inqui r i es 

The r esponses we re ana lyzed by grouping them according to the type 
of organ i z a t i on r esponding and the reg i on of the coun t ry they 
represented ( us i ng F i gure  2 . 1  for  t he latter ) .  For each r espondent , 
three points we re gi ven fo r a numbe r 1 research p r ior i ty ,  two po ints 
for a numbe r 2 resea rch prior i ty , and one po int for a numbe r 3 
res earch p r i o r i ty .  I f  mor e  than three resea rch pr ior it ies we r e  
ident i f ied , one po int was ass igned t o  each add i t i onal pr ior i ty top i c . 
I f  the respondent did  not indicate a pr i o r i ty order to the thr ee 
top i cs sugges ted ,  each topic was gi ven three po int s .  

Then , usi n g  the f i ve o rgan i za t i onal gr oups plus one groupi ng wi th 
no respondent ident i f i cation , and four reg i ons ( i nclud ing a • reg i on 
unspec i f i ed •  r espondent group ) , r es ea r ch pr ior i t ies we r e  tabu lated in 
r ank orde r , forming a mat r i x  ( see Table 2 . 2 ) .  

Table 2 . 3  ind icates the sco r ing of ind i v idual res ea rch sub ject 
a r eas by reg i on and by a compo s i t e  of all  regi ons . Note that wat e r  
qual i ty ,  mine was tes , subs i dence , and revegetat ion have b y  far  the 
largest numbe r of po ints ( 28 8  po i nts out of a total of  3 9 4 ,  o r  7 3  
pe rcent ) .  

The commi ttee be l i eves t hat seve ral s i gni f i cant conclus i ons can be 
d r awn f r om t he views of the r espondents ( Tab le 2 . 2 ) : 

• Wat e r  qual i ty ,  subs i dence , mine wa s te , and r evegetat i on a r e  
ranked as t h e  top f o u r  r esea rch prior i t i es in a l l  regions . 

• Top r esear ch pr ior i t ies tend to be s im i la r  across organ i zations 
w i t h i n  a spec i f i c  region . 

• Reg i onal r es ea r ch pr ior i t ies d i f f e r  somewhat , but on ly in te rms 
of rela t i ve rank and d i f fe r ing lowe r -pr ior i ty probl ems . 
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FI GURE 2 . 1  coal f i elds of the conterminous Uni ted States . 
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TABLE 2 . 2  Ranking of AML Research Pr i o r i t ies by Organ i zat ion and Reg i on 

Ol'qanlsatlon Mqlon 

1110.  of r•pondenta l ... t llidlleat VHt UnapecUied Co.poelte 

lllnlnq and lllneral 1.  Mater quality 1. Mater qua l ity 1 . .. ter qual ity 1.  Mater quality 
aeaource Inatl tutea 2. Subtlldence 2. lleYeqetatlon 2. Subtlid•ce 2. SUbeld-

( l l l  l .  lline vaate ), lline vaate ), ReYeqetatlon aeweqetatlon 

!OIP8o l l inq lline vaate ), lllne vaate 

State Geoloqlcal 1.  water qual i ty 1. Mater quality 1.  AIIL r•oarce 1.  Water quality 

Surveys 2. suba ldence 2. SUbsidence ewaluatlon 2. SUbsidence 

1 12 1  ) ,  aeveqetatlon ), lline vaate 2. SUbsidence ), AIIL r•oarce 
�ollinq ), lline vute ewaluatlon 
ftlic aolla Onderqround vater 4. lllne vaate 

atoraqe 

State AIIL aureaua 1. Subaldence l. Water quality 1. lline Urea 1. Subaldence 

1 14 1  2 .  water qual ity 2. lline openinqa 2. llubaidence 2. Water quality 
l. Landal idea l .  AIIL reaource ), !Ode aolla ), lllne vaate 

aeveqetatlon ewa laatlon lline openlnqa lllne open lnqa 

SUbald•ce 

Coal Co.panlu/ 1. Water quality 1. lline vaate 1, lllne vaate 
N 
\D 

Coal Aaaociatlona 2, lllne vaate 2. lleYeqetatlon 2. Water qual ity 

1 1 1 1  ) ,  Subeidence ), Water quality ), llubaldence 

4 .  !Osic aolla 4.  lline opeainqa lleYeqetatloD 

ftllc aoUa 

Aaerlcan SOCiety 1. Water quality 1. lline vute l .  leYeqetatlon 1.  Water quality 

for Surface 2. SUba ldence 2. Mater quality !Osic aolla lllne vaate 

llinlnq and Re- ) ,  lllne vaate 1. Subaldence Water qua l i ty 2. ReYeqetatlon 

cl ... tlon LAndalidH 2. lline vaate SUbsidence 

1 10 1  !OIP8oll lnq 

l. ftiiHll lnq 

o . s .  roreat Serwlce l. Water qua l i ty 

I l l  2 .  aeveqetatlon 

), Slope a tab l l l ty 

aupondent IIOt 1 .  !OIP8oll inq 1. lline vaate 1. lllne vaate l, lllne vaate 

Identified SUbaldence aeveqetatlon 2. Water quality 2. Water qual ity 

( 1 1  2.  Water quality Water qua l i ty l. Reveqetatlon 1 .  aeveqetatlon 

aeveqetation lllne openlnqa 4. SUba ldence 

c_.lte 1. water qua l i ty 1. Vater qual ity 1. Mater qua l i ty 1. Water qual ity 1.  Water quality 

2.  suba ldence 2. lllne vaate 2. SUbaldence :z. lllne vaate 2. lllne vaate 

1. 11 1 ne vaste 1 .  Subsidence ), lllne vaate ), Reveqetat l on l. Subaldence 
4 .  Reveqetatlon 4. aeveqe tatlon 4.  aeveqetation 4 .  lllne ooenlnq 4. Reveqetatlon 

5. Landsl ldea/ 5 .  Topso l l lnq 5. lllne U rea 5 .  Topao l l lnq 
alooe atab l l l  ty lllne openlnq 
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TABLE 2 . 3  Compo s i te Sco res by Region 

u . s .  Forest Serv i ce 
AML Reclama t i on Research East Rank ing M i dwest Rank ing west Rank ing Region Unspec i f ied Co•eoa i te 
Subject Areas Points Ranks Points Ran k s  Points Ranks Points Ranks Points Ranks 

A .  AML resource eva lu a t i ons 4 3 8 15 

B. Lands l i des 6 ( 5 )  3 9 

c .  Mine f i  rea 1 9 ( 5 )  10 

D. Mine o�ninqa 1 8 6 3 ( 4 )  18 ( 5 )  
Sha f t  f i l l i nq and aea l inq 
Adit and � r t a l  aea l inq 

E .  Mine wastes 18 ( ) )  30 ( 2 )  15 ( ) )  7 ( 2 )  70 ( 2 )  

F .  Reveqetat i on 10 ( 4 )  15 ( 4 )  14 ( 4 )  5 ( ) )  44 ( 4 )  

G .  Slo� stab i l i ty 4 1 2 2 9 w 
H iqhwa l l a  0 
Refuse pi lea 

H .  subsi dence 3 1  ( 2 )  17 ( 3 )  18 ( 2 )  2 68 ( 3 )  
Predict i on 
con t r o l  
V o i d  f i l l inq 
Unde r q r ound void detect i on 

I • Topsoi l inq 3 1 1  ( 5 )  14 

J. Tox i c  so i l s  4 7 7 18 ( 5 )  

K .  Water qua l i ty 40 ( 1 )  37 ( 1 )  2 1  ( 1 )  8 ( 1 )  106 ( 1 )  
a .  Ac i d  mine d r a inaqe ( AND )  

Coal mine lakes 
suspended and 

d i ssolved sol i ds 
Tr ace elemen ts 

L. Others 2 4 7 1 3  
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• Although water  qual i ty i s  pe rce i ved as the highes t pr ior i ty in 
all regions , the top fou r prior i t i es are ranked fai rly evenly i n  the 
West ; water qual i ty i s  clear ly h ighes t in the East and Midwes t .  

• Subs idence a nd mine wastes a re ranked e i ther second o r  th i rd i n  
a l l  reg i ons . 

• Despi te the substantial amount of r esea rch and l i teratu re on 
revege tat ion , i t  r ema i ns a matter of conce rn , as i t  comes out a clea r 
fourth p r i or i ty in the overall  compos i te results as wel l  as in each 
region . 

• Landsl i des/slope stab i l i ty ,  topso i l i ng ,  mine f i r es ,  and mine 
open ings are sub j ec ts havi ng h i gher than • background • i n te rest among 
respondents .  

2 . 2 . 2  Respondents ' Comments Elabo rat ing Upon The i r P r i or i t i es 

Seve ral othe r aspec ts of  r esea rch prior i t i es become evident by 
ana lyz i ng va r ious respondents ' comments on thei r pr i o r ity choices . 
Table 2 . 4  presents the research topics spec i f i cal ly ment ioned by 
respondents . 

I n  the pr ime area of water qua l i ty ,  seve ral pa r t i c i pants add r essed 
the p robl em of f ind i ng alterna t i ves to perpetual treatment of ac i d  
mine d ra i nage . I t  was be l i eved that a subs t i tute for chemical 
t reatment i s  necessa ry and that we tland ( bog ) methodolog i es a re a 
par t i a l  answe r  bu t need mor e  resea rch . Other par t i c i pants wan ted data 
on water qual i ty changes . Are the reclamation technolog ies al ready i n  
place o n  completed AM L  pro j ec ts wo rk ing? A need i s  pe rcei ved to 
obta i n  rel i able basel i ne mon i to r i ng data . Knowl edge o f  how remed ial  
procedures are  wo rk ing is cons i de red essential  to  make an info rmed 
dec i s i on recommend ing whether the AML program shou ld be con t inued 
after 1 9 9 2 , when the prog ram ends by law . 

Seve ral respondents emphas i zed the impo rtance of unders tand i ng the 
g roundwater f l ow sys t ems , not only in the natu ral premi n i ng 
envi ronment and the abandoned mine land , but also i n  the 
post-reclamat ion conf i gu rat ion . Many def i c i enci es in f i eld stu d i es 
are thought to o r i g i nate f rom poo r def i n i t ion of the hyd ro logy of the 
mine s i t e ,  lead ing to imprope r t rack ing of amel i o rat ion ,  imprope rly 
des i gned mon i to r i ng networks , poo r ly located t reatments , and poo r ly 
des i gned samp l i ng . 

Subs idence was add r essed by mos t ind ividual s from the standpoint 
of  pred ict ion of  future occur rences . Use of remote sens i ng or some 
oth e r  cost-ef fec t i ve mechanism is cons i de red a fert i le f i eld for 
resea r ch . They s t r es sed the need to map accurately the location and 
extent of mine vo ids , compi le an ex tens i ve da ta base of 
subs idence-related info rmat i on ,  and c reate subs idence pred i c t ion 
models  for spec i f ic coal f i elds . One responden t  wa s pessimistic  about 
subs idence and i ts remed i a t i on :  •out of a l l  AML issues ( in my s tate ) ,  
th is wi ll be an unanswe red long-last ing prob l em wh i ch wi l l  not be 
so lved by the AML program . • I t  i s  assumed by many people that the 
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TABLE 2 . 4  
P r i o r i t ies 

Respondents ' Suggest i ons for Research Topics Wi th in Four Highest 

water Quality 

• Alterutive to perpetual 

treataent 

• Alternative to cheaical 

t reatMnt 

• uae of wetland• aa a 

treataent aethodoloqy 

• Reaearch to addreaa 

trace eleaenta and total 

water qual ity ( d iaaolved 
aol id a )  a a well a a 

neutralization 

• Bov to reatore atreaa 

qual ity 

• NHd to 8011 itor r .. edial 

•••urea--are they 

vork lnq? 

• Need for nat lonal 

claaaU icat ion ayate• 

for acid alne drainaqe 

character latica can be 

utched with treataent 

optlona 

• Lonq-ter• ( au l t lyear )  

110nltorinq of qroundwater 

quality and hydroloqy 

ahould be uaed to 

conatruct aolute­

tranaDOrt .adele 

• lapacta of acid •lne 

drainaqe on doaeatlc 

water auPDl lea 

• Runoff froa waate ponda 

and waate pl lea 

• Opportun i ty for atoraqe 

of water in underqround 

alnea (West) 

• Lonq-tera l aoact on 

vl ldl l fe/f loher leo 

• NHd to define aubaurface 

atratiqraohy of in-glace 

atrata 11 well 11 I DO U  

and vaate uterial to· 

provide f raMvork for 

qroundwater .c>delinq 

e !valuation of ef fecta 
of re•ininq on vater 

qua l i ty 

Subaldence 

• Prediction of f u ture auba idence 

throuqh uae of reaote Mnainq 

techn ique• and pred let 1 ve 

-•linq 

• Methode to control •uba idence 

• COIIOtehen•ive data baae on 

aubaidence-related inforut ion 

• lxtent of •lned areaa-­

uDdate and coaplete aine 

NP repoai tory 

• Methode to evaluate effect• 

of reain inq to reclaia 

recoverable coal and el iainate 

euboided or POtential oub­
a i dence area 

• Methode to reclaia euboided 
terrain 

Mine waatea 

• tne&penaive, eff icient 

d ieDOaal .. thode 

• lltraction of by­

Product• leav inq 

reeidue 

• Methode to regroceaa 
vaatea to recover 

uxiaUII coal valuea 

• coal content, qua l ity, 

and otratl Ucatlon or 
vaatea 

• Geoch•iatry of waatea 

• SlaM etab i l ity oartl­
cularly in areaa of 

contour aurf ace •lninq 

• Aooroor late a.ount of 

cover uter 111 ( tODIOi l l  

to be ua ed  t o  otabU i•• 
aine vaate ( UDWitd 

aiqration of aalta, 

ulntenan.ce of nutr lent a, 

aoU eroo i on )  

e ADOI IC� I l ity o f  

handllnq Mthodo ( e .q , .  

• l x lnq a DrODOrtion of 

aoil with refuee to 

• t.onq-ter• aMciea d:evel�t 

e DeYeloo.ertt Of 1011 a�tl 

for aodic aoilo 

• Reeatabliahinq favorable root 

•one hydrolOCIY 

• Methode to aaaure leaa d ie-off 

of aeedl inqa due to c:oset i· 

tion with qraaaea 

• uae of veqetation to aMli­

or iate acid aine d r ainaqe 
(vet Ianda ) 

e Tiainq Of plantlnq and Dllaeed 

Dlantlnq 

• Role of arctic/eubarctic eoUa 

in rev"etation Dract icea 

• Reducinq neceea ity for 

continuin.q aoU treataenta to 
uintain cover 

• Botablleh_,t or roreet 

ecoayate•• on recla i•ed arNI 

• Reveqetatlon in areaa without 

tODIOi l  Or tODIO i l inq 

Mter\ala 

• Rock and alneral veatherinq 

reduce IPOntaneoua • Preaence of eoU •icro-

coabuetion DOten t l a U  orqanlau 

• Req ional atudy to • uae of Wllate Droducta 11 
carefully def lne refuae enhanceaent 
DroDertiea and their 

variability, their • !Valuation of Dlant IDeCiea 
relatlonahio to 

atrat lqraDhy of the aeau 

involved, and qeoch .. ical 

weather lnq Droceaaea in 

the vaate oUea over ti•e 

• Study of old �andoned 

vaete Diles to deter•ine 

•lne aoUa that have 

develoMd and plants 

that have been 

eotabl lohed 

• Reeatablleh lnq drainaqe 

pattern• in aubelded 

terrain 
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extreme ly h i gh cost o f  underground subs idence backf i l l  is unavoidabl e  
b y  any means : howeve r ,  recent developments in new pneumatic backf i l l  
processes have cut these costs i n  half . 3 

On the sub j ec t  of mine waste , seve ral r esponden ts cal l ed for 
resea rch into techniques that e i ther wou ld extract va luable 
by-products , leav ing nontox ic wa s te , or  would use the mine waste for 
manufac tu re of bui ld i ng mate r i a l s  ( paving aspha lt was mentioned ) .  
Reprocess i ng to remove the opt imum quan t i t i es of r ema i n i ng coal in 
waste was also ment i oned as a pos s i ble resea rch d i rec t ion.  

Al though tox ic mine soi l was not among the top pr ior i t i es in any 
compo s i t e  category,  tox ic soi l ,  revegetat ion , and topsoi l i ng a re 
closely related sub j ects . The combinat i on of these three catego r ie s  
in each region yields a fourth pr ior i ty in t h e  Eas t ,  a second pr ior i ty 
in the Midwest ,  and a t i e  fo r f i rst  in the Wes t . One respondent 
po inted out that research is needed on how to establ i sh vegetati on i n  
so i l s  o f  h i g h  sod i c i ty and sal i n i ty i n  the Wes t . Th is problem d i ffers 
ma r kedly f r om some eastern and midwestern probl ems concerning acid 
soi l s ,  but both a r eas need research con t r ibu t i ons . Several people 
also ment i oned that resea rch is needed to increase the pred ictabi l i ty 
of the prereclamat ion eva luat i on of mine so i l s  and overbu r den . 

One r espondent s t rongly empha s i zed the need to integrate resea rch 
effor ts . Al though the focus may be on a spec i f i c  topic ( fo r example , 
coal r efuse ) ,  components of a number of other AML problems are 
rela ted . These include mine wa ste , tox i c  soi ls , revegetation ,  
tops oi l i ng ,  water qua l i ty ,  and possibly slope stab i l i ty .  ca ref u l l y  
def i ned resea r ch focused o n  t h e  va r iabi l i ty o f  r efuse prope r t i es 
within pi les , be tween va r i ous mi ne s i tes in a gi ven reg i on , and 
between reg i ons , is cons i de r ed to be needed background info rmat ion . 
The st rat i g raphy of the coa l measures , thei r mi ner alog i cal makeup , and 
geochemical weather ing processes wi th in wa ste pi les ove r t ime a r e  
necessa ry elements f o r  creat ing a class i f i cation scheme that wou l d  
ass i s t  in devis ing ef fec t i ve rec lama t i on st rategi es . 

Append i x  c presents mo re deta i led excerpts from individua l 
respondents , elaborat ing on aspec ts of those research sub j ects 
perceived to be h i ghest i n  prior i ty .  

I t  i s  interes t ing to note that a pol l  taken b y  BOM o f  Ru ral 
Abandoned Mine Program ( RAMP ) states reveals a very s imi l a r  l i st of 
research pr io r i t i es : 4 

1 .  Ways to t reat ac id and i ron d i s charges . 
2 .  cos t -effec t i ve reclama t i on techniques . 
3 .  Ef fec t ive methods of ex t ingu ish ing f i r es .  
4 .  use of we t lands to improve water qua l i ty from reclamat ion land . 
s. Plants fo r use in establ i s h ing and ma inta i n i ng adequate 

vegetat ion . 
6 .  Effects of abandoned mine l ands on groundwater . 
1 .  Use of subs t i tute mate r i al s  for cons t r uc t i on of plant root 

medium .  
8 .  Subs i d ence probl ems that cause st ructu ral eros i on con t rol 

prac t i ce f a i lures . 
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2 . 3  CONCLUS I ONS AND RECOMMENDATIONS 

2 . 3 . 1  AML Research P r i o r i t i es i n  Relat i on to the Program ' s  
Leg i s lat i ve Intent 

The leg i s l a t i ve intent in t rans f e r r ing the AML r esearch program to 
the Bu reau of Mi nes , gleaned f r om congressional test imony and 
d i scu ss i ons dur ing the t rans f e r  process , car r i ed spec i f i c  impli ca t i ons 
f o r  the resea rch conducted unde r this  program . The l eg i sl a t i ve intent 
wa s to seek innova t i ve technologi es to ach i eve prac t i cal , shor t -term 
solut ions to those reclamat i on probl ems rema i n ing in the f i e l d ,  and 
so l u t ions wi th wi despr ead geog raphic appl i ca t i ons . 

Th i s  inten t  reflected a respon s i veness to OSM and the state 
personnel who are aeal ing wi th the reclamat i on problems , and so the 
l eg i slat i on spec i f ied fou r s tate members and an OSM representat i ve to 
serve on the new pro j ec t  selec t i on panel . 

The $2 -mi l l i on resea rch fund was intended to develop solut i ons 
that wo uld help the overall  reclamat i on effort succeed in a mo re 
cost -ef fect i ve manner in the t ime rema i n ing unt i l  199 2 .  

Thus the l eg i s l a t i ve intent i n  this ca se appl i ed to a unique 
research program within the Bu reau of Mines , unl i ke the bu l k  o f  
research BOM norma l ly conducts . • Research • in this case was to be 
mo re apt ly vi ewed as • solut ions . •  

Th is intent ca r r i es l imitat ions on the resea rch v i ewed as 
h i gh-pr i o r i ty by the experts consu l ted by the commi t tee . Several  
examp les i l l uminate thes e l im i tat ions . 

Water qua l i ty :  The development of we tlands technology to address 
the pe rs i s tent and long-term effects of ac i d  mine dra inage is an 
example of innova t i ve technology : it has been appl i ed on a sma l l  
scale , and presumably i t  can b e  appl i ed gene ral ly where aci d  mine 
dra inage i s  a c r i t i ca l  probl em . Howeve r ,  the methodology needs a good 
deal mo re eva luat ion and research before i t  becomes a proven , 
widesprea d ,  operati onal procedu re for amel ioration of acid mine 
d r a i nage . Por example , mo re resea rch is needed on the bi ochemical 
mechan i sms at wor k  in the plants that r a i se the pH and precipi tate the 
d isso lved sol ids . So far the technology has been successful only wi th 
rela t i ve ly l ow f l ow of ac id mine dr a i nage , and l onge r -term mon i to r ing 
i s  needed to eva luate effecti veness ove r t ime .  Needed research is now 
unde r way , but a l ong-term effort may be necessa ry.  

Subs idence : Mos t  of the respondents who gave h igh p r i o r ity to 
subs idence s t r essed the need for remote sens ing technolog ies to 
pred ict pot en t i a l  a r eas of subs i dence . Al though remote sen s i ng 
methods are ava i labl e  ( fo r  exampl e ,  radar , res i s t i v i ty ,  seismi c ,  
the rma l g rav i ty ,  and x-rays ) ,  they have appa r en t ly not been highly 
successf u l  in  pred ict ing potent ial areas of subs idence . Pe rhaps new 
methods or mo re innova t i ve approaches to ex i s t ing techno log i es are  
needed to  add ress the prob l em . In any event , this  a rea of resea rch 
does appear to add ress the l eg i s l at i ve intent of innovat i ve so lut i ons : 
however , i ts appl i cat i on within a sho rt time frame and i ts widespread 
appl i cab i l i ty are  in doubt . 
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M i n e  waste : The sub j ec t  of mine waste includes a range of other 
problems that are closely related . Resea rch into use of the waste to 

produce by-products or into remov ing ex i s t ing coal from the waste may 

be va luable . Resea rch into revegetat i on , water qua l i t y ,  topsoi l ing ,  
and s lope stabi l i ty are also inter related topi cs and mus t  be addr es sed 

to so lve the m i ne waste problem . No s i ngle technolog ical breakthrough 

is l i ke ly to solve the interrelated problems . Basel i ne mon i to r ing is 

thought to be pa r t i cu l a r ly essent ial in these k inds of s i tuat i ons , 

because an emphasi s  on sho r t -term solut i ons may pr oduce long-te rm 
p robl ems . For example , reshaping a mine waste pi le , cove r ing i t  with 

topsoi l  mater i a l s , and r evegetat ing i t  may cosmet ically address the 
i ssue for the shor t  term , but mon i to r i ng may r eveal long-te rm a c id 
mine drainage o r  fa i lu r e  of vegeta t i on . 

Revege tat i on : Th is r esear ch prior i ty has probably had mo r e  
research , demonst rat ion a r eas , and mon i to r ing than any of the other 
h i gh-pr io r i ty resea rch subjects . I t  i s  also intimate ly t ied in w i th 
other research topics such as topso i l i ng and tox i c  soi l s .  
Revege tat i on pract ices now i n  common use ( r eplacement o f  topso i l , 
l iming , f e r t i l i zi ng ,  mu lching , use of legumes ) we re at one t ime 
cons ide red unusual if not expe r imenta l .  Th is  i l lustrates the point 
that prac tices that a r e  now accepted we re at  one t ime v i ewed as  
• innova t i ve technology . •  Revegetation has demons trated good 
sho r t-term res u l ts , and it has been appl i ed ove r  br oad geograph i c  
areas . However , many techniques of r evegetation have obv i ous ly been 
d i f f er en t  for d if f e rent geog raph i c  areas of the country , r esearch may 
not be appl i cable nat i onwide . 

Innovat i ve technolog i es : The l egi slat i ve intents d i r ec ted to the 
Bu reau of Mi nes represents the idea l as appl ied to AML resea rch and 
development . Innova t i ve technology is ce r tainly neces sary to mak e 
break th roughs in address ing AML probl ems . To accompl ish t h i s  as 
qu ickly as possible  i s  anothe r desi rab l e  goal , par t i c u la r ly 
cons ide r ing a poss ible phase-out of the AML program in 1 9 9 2 .  Final ly , 
a broad geog raph i c  appl i ca t i on of the resea rch is an i deal ob j ec t i ve .  
In the real wo r l d , howeve r ,  a number of cons i derat i ons and l imi tations 
ac t to cons train  these idea l s . 

Developing innovat i ve technology is a des i rable goal , but 
breakth roughs in such technology a re not commonplace . And developing 
innovat ive technol ogy wi th in a sho rt t ime is of ten not rea l i s t i c . 
Innova t i ve technology mu st be tested to determine i ts feasibi l i ty .  I t  
is not generally possible  to go f rom a l abo ratory t o  a f i el d  
appl i cat i on without conduct ing some r igo r ous f ield t r ials  t o  de termine 
wheth e r  the technology wo rks , whether i t  cont inues to work  through 
t ime ,  and whether it has delete r i ous s ide effects . Wet lands usage to 
ame l i orate ac id mine drainage is a case in point . Th is methodology 
can ce rtain ly be considered i nnovat ive , but cur rent ly it appl i es only 
to sma l l  volume f lows , and the bi ochemical mechan i sms are no t fully 
unde rstood . Yea rs of research and mon i to r i ng a r e  probab ly needed 
befo re th is techn ique can be appl i ed to la rge-sca l e  ac id mine d r a inage 
pro j ec ts us ing reliable cons t r uc t i on gu idel i nes . 
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Geograph ic appl icab i l i ty :  I t  i s  a l so appa r en t  that some research 
must be d i rected to geogr aph i cal ly l imi ted areas . Research on sod ic 
soi l s  is  obv i ously appl i cabl e  only to the Wes t ; the rela t i onsh ip of 
pe rmaf rost to reclama t i on and revege tat i on applies to Alas ka ; and 
we tlands t reatment of ac i d  mine d rainage pe r ta ins largely to the East 
and Mi dwes t .  

2 . 3 . 2  Th e  Need for  Resea r ch After  1 9 9 2  

It  is  gene ral ly accepted that when the 199 2 target date for  the 
terminat i on of Ti tl e IV fund ing is real i zed , much AML wo rk , and 
suppo r t i ng research , w i l l  r ema i n  to be done . Tes t i fying before the 
subcommittee on Min ing and Natu ral  Resou rces of the comm i t tee on 
Inte r i o r  and Insular Af fa i rs of the u . s .  House of Repres entatives on 
July 1 4 ,  1 9 8 7 , Ri cha r d  Biel i ck i , Di rec to r  of Abandoned Mine 
Reclama t i on fo r the Pennsylvania Depa r tment of Env i ronmenta l 
Resources , s a i d  that there a r e  4 , 8 0 0  high -pr ior i ty AML prob l ems in 
that state , w i th an est imated reclama t i on cost o f  $1 . 9  b i l l i on . 5 

Based on h i s t o r ica l fund ing pat te rns , Pennsylvania wi l l  rece i ve close 
to $5 0 0  m i l l ion in Ti t l e  IV funds by 1 9 9 2 ,  leav ing a sho rt -fal l  of 
$1 . 4  b i l l i on to add ress high -pr i o r i ty problems . To co r rec t al l AML 
problems --high and low pr i o r i ty--wou ld take an est imated $1 5  b i l l ion . 
Other state r epr esenta t i ves tes t i fying befo r e  that commi ttee pres ented 
s im i l a r  est imates . Whatever the outcome of the fund , a great deal of 
h igh-pr i or i ty reclamat ion wo r k  wi l l  rema i n  to be done beyond the 1 9 9 2  
deadl i ne .  Th i s  i s sue shou ld b e  faced now . Research proj ec ts 
under taken now wi l l  cont i nue to benef i t  the rec l amat i on effort , and 
long-term resea rch wil l be needed to so l ve some probl ems . TO delay or 
forgo this research wi l l  be false economy and cou l d  r es u l t  in fai lure 
of some reclamat i on pro j ects . 

conce rned about prob lems related to the bond ing r equ i r ements of 
the Sur face Min i ng control and Reclamation Act of 1977 ( SMCRA ) , the 
Subcommi ttee on Envi ronmen t , Energy and Natural Resources , House 
commit tee on Government Ope rat ions , asked the Gener a l  Account ing 
Of f i ce ( GAO ) to rev i ew the bonding sys tems for  reclamat i on for 
s t r ip-mined land i n  Pennsylvani a  and Wes t  Vi rginia . 6 The GAO s tudy 
r eveal ed that in Pennsylvania the bond on 2 2 , 4 5 0  acres had been 
forfe i ted , with over 67 percent of t h i s  acreage unreclaimed . In Wes t 
Vi r g i n i a  ther e  a r e  6 , 7 1 3  acres , w i th 2 8  pe rcen t  not r eclaimed . Mos t 
of these s i tes wer e  mined unde r  the Inte r i m  Regulat ions befor e  f i na l  
rules wen t into ef fect . Si tes not r ec l a imed fo r an ex tended time 
c r eate env i ronmenta l problems . 6 Undoubtedly ther e  are add i t i ona l 
unrecl a imed lands in the other coa l -m i n ing states . Al though not 
spec i f i ca l ly des igned to r esto r e  lands not r eclaimed under SMCRA o r  
restorat i ons that have fai led , the AM L  r esearch and technology 
t r ans fe r program wi l l  make substa n t i a l  con t r ibut i ons to resolut i on of 
t h i s  type of s u r face m i n ing prob l em ,  a s  wel l  a s  to the improvement of 
reclamat i on techn iques fo r ac t i ve sur face mines . The inves tmen t  in 
AML research and technology t ransfer wi l l  produce bene f i c i al resu l t s  
in spheres far beyond t h e  in i t i a l  prob l em .  
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2 . 3 . 3  Recommendat ions 

Recommendat i on 2 . 1 :  The commi ttee recommends that the Bu reau of 
Mines use a broad rather than a res t r ictive interpretation of th e 
legi s l a t i ve intent of the AML r esearch program . Al l AML lands wi l l  
not be recla imed by 1 992 , and there w i l l  be a cont inuing need for 
we ll -founded , l onge r -term research into co rrective measures . 

Recommendation 2 . 2 :  The bu reau would benefit from us ing the AML 
research pr ior i t i es ind icated by the committee ' s  survey ( Tabl e 2 . 2 )  as 
guidance in sett ing pri o r i t i es for future research project 
sol i c i tations . Mos t  of the funded r esearch projects in the AML 
program fal l within the ident i fied h i gh-pr ior i ty topics , so only 
minimal fine-tuning of the ex i s t ing process wi l l  be requ i r ed .  

Recommendation 2 . 3 :  It is recommended that the bureau conduct 
pe r iod ic surveys of experts ( perhaps in two-year intervals ) ,  ask ing 
for their views on the highes t-pr ior i ty resea rch needs . The survey 
conducted by the commi ttee produced a broad consensus on the mos t 
impor tant areas for research , offered many i ns ights on spec i f ic 
research topi cs , and made the communi ty of r esearchers feel involved 
in the pri o r ity-set t i ng process . The query letter ( Append i x  B )  mi ght 
be expanded to ask respondents what research they bel i eve would yield 
the greatest benef i ts or knowledge in relation to cos t .  

The following topics a r e  recommended for cons i de rat i on i n  
subs equent AM L  research sol ici tat ions : 

Recommenda t i on 2 . 4 :  The commi ttee recommends that BOM assess the 
cos t -ef fect i veness of va r i ous cur rent techniques of abandoned mine 
subs i dence reclamat ion ,  e .g . , subsi dence insu rance , remote underground 
back f i l l ,  reclamat i on o f  s u rface depress i ons w i th l ong-term 
ma intenance , land use zon ing ,  and r emining.  In the sho rt ter m ,  
cer ta in methods may appear t o  be l ow i n  cost , b u t  what i s  needed is a 
f i rmer idea of total cos t s  for any technique . 

Recommendation 2 . 5 :  BOM shou ld assess the cos t-ef fect iveness o f  
abandoned mine highwall recl amat ion associated wi th contou r mining, 
us ing an integrated approach as in the recommendation above, but also 
cons ider ing short-term env i ronmental disrupt ion du r ing recl amat ion 
versus long-term reclamation benef its . 

Recommenda t i on 2 . 6 :  Aci d  mine drainage is pe rce ived to be an 
urgent problem, but no l ong-term plan ex i s ts for u l t imate con trol of 
this problem on abandoned mine lands . A long-term plan for control 
needs to be developed, incorporat ing a l l  cur rently known techniques . 
Such a plan would incl udes strategi es for research and implementa t ion 
of the resu lts over the next decade . Undoubtedly this problem will 
cont inue into the twenty-f i r s t  centu ry . The bu reau should expand its 
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resea rch on use of wetlands to  ame l i orate acid mine dra i nage . OSM 
cur rently a l l ows new and innovat i ve techn iques to be app l i ed under 
Title IV of SMCRA . Possibly these expe r imental practi ces ( e . g . , 
wetlands t reatment of ac i d  mine drainage ) could be combined wi th a 
research pro j ect on acid mine drainage . 

Recommenda t ion 2 . 7 :  Research on the l ong-term economics of 
r eshaping the land is r equ i red to determi ne the expected l i fe and 
future ma intenance cos t .  Probably the most d i f f icult  aspec t of 
reclama t i on of abandoned mi ne land is  the pred i c t i on of the expected 
l i fe after remedial t r eatmen t . I n  the case of land surfaces , natural 
geomorph i c  processes are cons tantly at wor k , level ing any oversteep 
t e r r a i n . I f  a problem on a steep slope i s  add res sed wi thout r educ ing 
t he degree of slope , the problem might requ i re perpetual ma intenance . 
we need to d et ermine how to apply this geomorph i c  knowledge to the 
long-term plann ing for abandoned mine land reclamation . 
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Chapter 3 

SELECTI NG AML RESEARCH PROJECTS 

3 . 1 I NTRODUCTION 

The method for  selec t i ng AML research pro jec ts is r ev iewed in this 
chapter , and recommendat ions are offered to improve the process and 
ensu re that proposa l s  ref lecting the h ighes t-pr io r ity needs a r e  funded . 

3 . 2  THE S ELECTION PROCESS UNDER OSM 

The o r ig i nal standa rds fo r submitt ing AML research proposals and 
for  select ing those to be funded were es tabl ished by OSM in 19 8 4 . 
These standa r ds we r e  ref i n ed and amended du r ing the subsequen t  years 
that OSM was respons ibl e for  the program . Given the short t ime pe riod 
between BOM ' s  assumpt i on o f  program author i ty and the f i s ca l  yea r  19 87 
fund ing cycle , BOM program managers adopted OSM ' s  s tanda r ds for i ts 
f i rs t  year . One pu rpose of this r epo r t  i s  to rev i ew those standa rds 
and recommend changes to create a more respons i ve and ef fective 
selec t i on process fo r AML resea rch pro j ec ts .  

3 . 2 . 1  OSM ' s  Pro j ect Sel ect ion Panel 

Al though the program has been manage d and coordinated by OSM and 
BOM headquarters  i n  Wash ington , D . c . , pro j ect selec t i on is  car r i ed out 
by a panel made up of four federal  and four s ta te/tr ibe AML prog r am 
members . The OSM program manage r --and now the BOM program 
manage r --vot es only to break a t i e . . 

Implementa t ion of the selec t i on procedu res began in Febr uary , 
pr i o r  to the upcom ing f i scal year , when OSM publ i shed a not i ce i n  the 
commerce Bus iness Da i ly that AML r eclamat ion res earch proposal s we re 
be i ng r equested . Th is invi tat ion was open to ind i v i dua l s , compan i es ,  
academi a ,  and gove rnment agenc i es a t  a l l  level s .  Inte r es ted pe rsons 
or or ga n i z a t i ons had to reques t  proposal preparation instruct i ons and 
a copy of the sel ec t i on procedu r es .  Usually respondents we r e  requ i r ed 
to submi t proposals by May o r  June , wh i ch a l lowed them at least three 
months to prepare the i r  submissions . In the interven i ng pe r i od , OSM 
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selec ted the fou r federal members f o r  the resea rch evaluat i on panel , 
and the As soc i a t i on for  Abandoned Mine Land Programs selected the 
state/tr ibe members . 

When proposals wer e  recei ved , copi es we r e  sent to all  panel 
member s , who wer e  given about two months to evaluate them . At the end 
of the rev i ew per i od the Research Eva luat i on Panel met for 
approx imately th ree days to d i scuss all proposal s  and select those to 
be funded in the upcoming f i sca l  year . OSM then conducted cos t  and 
techn i ca l  negoti a t i ons on the proposals that had been recommended for  
fund ing . When nego t i a t i ons wer e  completed and appropr iat i ons 
recei ved , as many of the top-ranked proposals as  cou ld be funded wer e  
submi tted to the Deputy Di r ector for  Ope rat i ons and Techn i cal Services 
( DD/OTS ) for approval .  Upon approval of the resea rch plan , all 
proposa l s  wi th a cos t  ove r $100,000 we r e  submi tted to the Ass i s tan t  
Sec retary fo r La n d  and Minerals Management for  approval , a s  requ i red 
by Inter ior Depar tment d i r ec t i ves . After all  approvals had been 
s ecu red , successful  and unsuccessful proposers we re not i f i ed and 
cont r acting nego t i a t i ons began . Du r ing the two-yea r OSM tenu re of the 
program ,  this con t r act ing phase of the process often i nvolved delays 
of  up to two yea r s  f r om pro ject selec t i on to awa r ding of funds . The 
bu reau has a longstand ing record of ef f i c i ent contract ing , and so 
de lays in awarding cont racts are not l i kely to be a pr oblem under 
thei r management .  

3.2.2 OSM ' s  Pro j ec t  Sel ec t i on cr iter ia 

The Of f i ce of Sur face Mining developed a compr ehen s i ve set of 
i n s t r uc t i ons fo r the preparat i on of proposa l s  ( see Append i x  D ) . Due 
to the l imi ted t ime for implemen t i ng promi s ing resea rch resu lts and 
the sca r c i ty of funding , propose r s  we r e  ins t r uc ted to l imit pro j ec t  
f und ing t o  a max imum of  $250,00 0 ,  w i th wor k  t o  b e  completed w i th i n  
three year s .  Usual ly the panel employed the following four 
genera l i zed guidel ines to make the f i rst cut on the proposal s : 

a .  Pro jec ts we r e  to be appl i ed r esea rch aimed at f i nd ing a more 
cos t -ef f i c i ent and/o r a s i gn i f i cant techn i ca l  improvement over 
cur rently used technol og i es fo r addres s i ng spec i f i ed AML problems . 
Resea rch that s imply studied a prob l em wi thout suggest ing a solution 
would not be selec ted . 

b .  Resea r ch results we r e  to be readi ly adaptable to ope rat iona l 
use . Final repo r ts wer e  to s tate clear ly both how to implement a new 
technique and the benef i ts of do ing so . 

c .  The resea rch was to have a diverse geogr aph ic appl i cat i on . 
General ly , the mo r e  wi despr ead the appl i cab i l i ty ,  the mor e  va luable 
the research f ind ing ; however , severe local i z ed problems wou ld not be 
igno r ed . 

d .  The resea r ch wa s to offer a high l i kel ihood of succes s . 
Add res s i ng h i gh-pr i o r ity nee ds was cons idered po intless i f  the 
proposa l  offe r ed l i t t l e  hope of solv ing those pr oblems . I t  wa s v i ewed 
as mo r e  ef f i c i ent to fund l ower -pr i or i ty probl ems i f  resear ch 
ind icated that result ing technol ogy could solve the pr ob l ems . 
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In add i t ion t o  these general gu ide l ines , OSM a l so devel oped a 
deta i led c r i te r i a  rat ing system with a wei ghted po int sco r ing method 
( see Append i x  E ) .  Panel members we r e  also given instruc t i ons fo r 
eva l uat i ng AML research proposals ( see Appen d i x  F ) . Al l of the above 
inst r uc t i ons , gu ide l i nes , and c r i te r ia , developed by OSM , we re 
refer red to appropr i ate federa l and state AML organ i z at ions for review 
and comment befo r e  adopt i on . 

3 . 3  THE CURRENT SELECTION PROCESS 

Thus far the Bur eau of M ines has generally fo llowed the pro j ect 
selection gui del i nes developed under OSM . For f iscal year  19 8 7 ,  the 
AML Resea r ch Program Rev i ew Panel was composed of nine members--four 
from state abandoned m i ne programs ( No rth Dakota , Montana , 
Pennsylvania , and West Vi rginia ) ;  four f rom the Bu reau o f  Mines ( three 
BOM Research Di rectors and the Ch i e f  of the Di v i s i on of Mining 
Technol ogy ) ;  and one membe r f rom the Off i ce o f  Sur f ace Mining . Two of 
the state members and the OSM member had served on the OSM-managed 
rev i ew panel the prev i ous year , evaluat i ng thes e  same pr oposals ; but 
immedi ately after that meet ing , the resea r ch funds were t rans fer red to 
BOM by congres s i onal ac t i on . Due to the t iming of the transfer , the 
FY 1 9 8 7  select i on process was star ted by OSM w i t h  pr ior i ty selection 
cr i te r i a  and pub l i cat ion in the commerce Bus iness Dai ly ( CBD ) . 
Subsequent proposal s were eva luated by the OSM-s tate rev i ew panel ; 
howev e r , when the program was moved to BOM , propos al s we r e  aga in 
eva luated , u t i l i z i ng the panel desc r i bed above . As of this  wr i t i ng ,  
the bu r eau has not had an opportun i ty to manage a complete resea rch 
and development selec t i on cycle from beg inn i ng to end . 

The CBD announcement fo r FY 1 9 87 , pr epa r ed by OSM ,  used a fo rmat 
s imilar  to that of previous years . M i no r  changes we re made to include 
subarctic  revegetat i on ,  tox i c  so i l s  in ar id  env i r onments , new 
technol og i es for clos ing abandoned mine shaft s ,  pred ict i ng subs i dence , 
and at -sou rce control of  aci d  mine d r a inage f r om unde rground mines . 
The mo re spec i f ic i dent i f i ca t i on of these probl ems was des i gned to 
prompt research proposals on these topi cs . The input that resul ted in 
developing o r  changing the cal l  for proposal s was inf ormal , based on 
the rev i ew panel cha i rman ' s  expe r i ence . Input f r om states and 
interna l  OSM sour ces was oral , and no formal r equest to any individual 
or group wa s made by OSM . In shor t , the adve r t i sement process in the 
past was gui ded by informal per cept ions of what the research 
pr i or i t ies should be . 

The ques t i on whether to use mo re spec i f i c  pr i o r i ty statements in 
announcements or the mo re general fo rmat as used in the o r i g inal CBD 
anno uncements wa s discussed by the FY 1 9 8 6  and FY 1 9 87 rev i ew panel s .  
The increased spec i f i c i ty o f  the FY 1 9 8 7  cal l  f o r  proposals was the 
r esult  of inte rnal OSM d i r ec t i on for a mo re focused announcement , as 
wel l as panel agreement that the program shou ld at tempt to g u i de the 
research organizat i ons to focus on problems of the h ighes t pr ior i ty 
rather than a l l owing complete lati tude to wor k on any , perce i ved or 
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real , abandoned mine reclama t i on problem .  Th e  consensus of t h e  FY 
1 9 8 6  and FY 1 9 87 r ev i ew panel s was for a mo re deta i l ed anno uncement 
emphas i z ing spec i f i c  reclamat i on problem areas . Howeve r ,  the panel 
wa s told t hat OSM had been cons tra ined f rom pr ov iding a deta i l ed 
request for proposal s , as t h i s  wou l d  have severely l imited the panel ' s  
abi l i ty to sel ect pro j ects that we re not i dent i f i ed as problem area s  
in t h e  cal l . The bas i c  concern was whether the panel cou ld l egal ly 
rejec t  proposa l s  i dent i f i ed in the adve r t i semen t  wh i l e  accept ing 
proposals for wh i ch the re had not been a spec i f ic cal l .  The panel was 
told that under the scena r i o  des c r i be d , an unsuccessful pr opos er could 
have some s tand ing in a l ega l act i on . 

The FY 1 9 87 panel did  r e j ec t  pr opos als that we r e  spec i f i cal ly 
named as reclamat i on probl ems of spec ial  concern , and did select oth e r  
research proposa l s  not spec i f i ed ,  a n d  no l egal act i ons resul ted . I t  
appears that t h e  F Y  1 9 8 7  adve r t i s ement format , w i th spec i f i c  r esearch 
and development goal s men t i oned , co uld be expanded upon to impr ove the 
numbe r o f  h i gh e r -qual i ty proposals a imed at spec i f i c  reclama t i on 
prob lems . 

Fo r the mos t  recent cyc l e  for FY 1 9 87 , 8 6  proposals  wer e  
o r i g inal ly rece ived by OSM , and the eva luat i on process sta rted there . 
Wi th the t rans f e r  to  BOM , copi es of a l l  pr opos als we r e  d i s t r ibuted to 
a reconst i tu ted panel , as descr i bed above . Al l membe rs no rmally have 
from one to two months to rev i ew and sco r e  the propos a l s  befo re the 
rev i ew panel meet ing . As pa rt of the rev i ew OSM , BOM , and state 
o f f i c i a l s  on the panel ava i l  themselves o f  sta f f  expe r t i se in thei r 
agencies to help in the revi ew o f  research proposal s .  Though not 
requ i r ed ,  this internal cons u l ta t i on s tep ga rners comments and i deas 
f rom a greater numbe r of sour ces than just the individual panel 
membe rs . Ins t ruc t i ons conce rn i ng pr o j ec t  rat ing cr iter ia and sco r ing 
sheets with va r i ous wei ght ing fac tors  are used by a l l  panel membe rs to 
obta in rat ing sco r es a f t e r  each proposal pr ior to the panel meet i n g .  

The F Y  1 9 8 7  pane l revi ew under BOM occur red ove r a two-day t ime 
per i od ; howeve r , these same proposal s unde r OSM had occupi ed a thr ee ­
to four -day rev i ew per iod . The BOM-managed panel spent l e s s  t i me o n  
t h e  r e j ec ted proposa l s  than d i d  t h e  pr ev ious panel s .  Th is was v i ewed 
as an improvement in the process . 

As under the OSM procedu r es reproduced in Append i xes D and E ,  s i x  
bas i c  propo sa l  cons i derations a r e  cur rent ly u t i l i zed ( Table 3 . 1 ) ,  w i th 
betwe en one and three d i f f e r ent sco r ing cr i te r ia unde r each proposal 
cons i derat ion . 

The we ight ing fac tors  appl i ed to the s i x  ma i n  proposal 
cons idera t i ons ( Table 3 . 2 )  d i c tate the f i nal score poss ible for each 
proposal . 

Techn ica l  me r it , wh i ch encompasses soundness and un iqueness o f  
approach , and increase in s tate of t h e  a rt knowledge , h a s  t h e  h i ghes t 
factor of 6 .  Technol ogi ca l need and benef i ts , composed of cos t  and 
t ime savings , and d i v e rs i ty of appl i cat i on , both have a we i ght ing 
facto r of  5 .  Proposa l s  that c l ea r ly show s t r ength in these a r eas wi l l  
rece i ve high we i ght ing factors and are l i ke ly to sco re wel l . 
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TABLE 3 . 1  AML Research Rat i ng Cr i teria 

P r opoaal conaiderationa 

1. The Probl .. 
Ao lleed 

'i":"Technoloqlcal need 

a. Maqn itud• of proble• 
1. Effect on environMnt 

2. Effect on oeoole 

l. Econa.ic •f feeta 

n. P r OPOaed SO!ut I on 
A. Techn ical .. r lt 

1 .  SOu.ndneaa of aDOroach 

2 • Un iquenell of IDDCOICh 

l. Co•oleten••• of aDOroach 
on advancinQ atate of 
th• a r t  (SOTA) 

a. Benef l u  
�reduct i ona/tiM 

aavinQa ov•r currently 
uaed Mthoda 

2. Diverae aool i ca b i l i t Y  of 
aolution 

t i  1. taDle•entat ion 
A. t•I•••ntation factor• 

1. Durat ion 

2. Total coat over durat i on 
(detail deficient areaa 
on cov•r ahe•t J 

IV. tnfor•a t i on on Proooaer 
A. Proeoaer a •  qua l i f icat ions 

1 .  Backqround/exoer ience 

C r i t e r i a  

a .  Preeent technoloqy effective bu t  
could b e  1•oroved 

b. Preaent t•chnoloqy .:Hterat•lv effeetive 
--iaorove•ente d•airable 

c .  Pruent t•chnoloqy e,..t i•e• ineffective 
--needa ilmrovinq 

d. Technoloqy to aolve oroble•• doea not exiat 

a .  Moderate iltDict and localized 
b. Moderate iaoact and vtdeaoread 
c. severe 1•act and local ized 
d. Severe i.o.ct and videaDread 
a. Moderate i.oact on a fev oeoole 
b. Moderate iaoact on uny �oole 
c. Severe iaoact on a fev oeoole 
d. Severe iaoact on aa.ny o.oole 
a. Moderate local ized i.oai riMnt of 

econo•ic value• 
b. Noderate videaoread t•airMnt of 

econo•ic valuea 
c .  Severe loca l t zed i iiDi i riMnt of 

econoaic values 

econo•ic valuea 

a. so.e Mrit but needa aa.jor IIOdU icationa 
b. Plan needa aOM aod i f icat iona 
c. Plan needa •inor IIOd i f icationa 
d .  Well-olanned aooroach uaea 

acienti fic/enqinHrinq or inciolea 
a. Trial and error aooroach 
b. Mod i f icat ion of orevioua l y  t r ied aooro.ch 
c. Tranafer of oroven technolOQV fro• 

another f ield 
d .  TOtal lY new conceot of invent ion 
a. Minor contribution to SOTA but aiqn i f icant 

add i t ional vork vi l l  be needed 
b. Minor con t r ibution to SOTA; ready for 

o�ra t i onal uae 
c .  Ma lor cont r ibution to SOTA but a t q n i f icant 

additional vork vi l l  be needed 
d .  Najor cont r ibution to SOTA; ready for 

oo.rat tonal uae 

a .  Moderate coat or til'le aavinqa 
b. Moderate cost and tiM aavinqa 
c. Siqn i f i cant cost or t iae aavinqa 
d. Siqn i f icant coat and t iM eavinqa 
a .  Technical tranafer ooeaible but uncertain 
b. SON technical tranafer ooaaible and l i ke l y  
c .  Good ooten t i a l  for technical tranafer t o  

active •ininq 
d .  Good ooten t i a l  for techn ical tranafer to 

active llin inQ and other f ielda 

a .  Poor schedule, needs u jor IIOd i f icat ione 
b. ra t r  schedule , needa aoderate aod i f icationa 
c .  Good ached u l e ,  neede minor IIOd i f i cat iona 
d. Exce llently olanned e f f o r t  
a .  audqet needs aa l o r  lftOdi f i ca t i ona 
b. &udqet nMda aiqn i ficant aod i f  teat ion to 

confor11 to oreva i l inq rates 
c .  Good budQet vith few ite• exceedinq 

oreva i l inq rate• 
d. Exc e l l ent budQet aa ia 

a. SoWle bactQround and exoer i ence in activity 
orooosed 

b. Fa i r  bactqround and exoerience In act i v i ty 
oroooaed 

c .  Good backqround and exoerience In activity 
oroooaed 

d. Stronq bactqround and exoer ience in activitY 
oroooaed 

a .  N o  exoer ience but hoa other qual i f i ca t i ons 
b. Averaqe record of oroducinq qua l i t Y  reaulta 
c .  Above averaqe record of oroducinq quali tv 

reaulta and reoorta and adhe r i nq to sched u l e  
d .  Exeaolary record of oroducinq qualitY 

results and reDOrta and adher inq to schedule 

RatlnQ 

] 
4 
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TABLE 3 . 2  Wei ght i ng Factors of the AML Research Rat ing C r i ter i a  
( condensed f rom Appen d i xes E a n d  F )  

Propo sal 
cons i derat i on 

I -A Need 

I -B Magn i tude 

I I -A Techn i ca l  

I I -B Benef i ts 

o f  Probl em 

Me r i t  

I I I -A Implemen ta t i on Factors 

IV-A Proposer Qual i f i cat ions 

Wei gh t i ng 
Facto r Formula 

5 

3 (2: B . 
. 

6 (2: A .L . 

5 (2: B .! . 

4 (2: A . 
� 

A X 5 • 

3 )  X 3 • 

3 )  X 6 • 

2 )  X 5 = 

2 )  X 4 • 

2 (::E: A f 2 )  X 2 • 

Wei gh ted Sco r e  

Inst ruct i ons to pane l member : Add the wei ghted scores to der i ve the 
tota l sco r e  for the proposal .  I f  you have left any cr ite r ia blank 
( unscored ) fo r lack of informat i on ,  place an • I •  a f ter the total sco r e  
for that proposal o n  t h e  rat ing sheet , t o  note that t h is is  an 
i ncomplete s co r e  that mus t  be comple ted and r ev i sed when the Research 
Eva luat i on Panel meets to determine a consensus sco r e .  A •perfect • 
t otal s co r e  i s  1 0 0 . Th is is unl i kely to be obt a inable , s ince some 
cr i te r ia may be ant i thetical to others . 

Impl emen tat i on fac tors , a cons iderat ion encompassing durat i on and 
tot a l  cos t ,  is gi ven a we i ghting of 4 ,  emphas i z ing r el a t i vely 
sho r t -term and sma l l -budget pro j ects . Magni tude of the problem , 
compr is ing the ef fect on the env i ronment and on people , and economic 
ef fects , car r i es a factor o f  3 .  Proposer qual i f i ca t i ons , includ ing 
background and expe r i ence in r esearch , rece ive a we i gh t i n g  facto r of 
2, t he lowest factor among the cons i derations as a group . 

Under th is sys tem , the legal pr ior ity status of the problem to be 
add r essed is not formal ly fac tored i n . The over all  impact of the 
prob l em the resea r ch a ims to add res s  i s  clea r ly seconda ry to the 
qua l i ty and l eve l of innovat ion of the resea rch i tself . 
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As cur rently des igned , the rat ing c r i te r ia give great we ight to 
proposals that int roduce new technology l ikely to provide t ime and 
cost sav ings , and hav ing b r oad appl i cab i l i ty to cu r ren t  min ing . These 
facto rs const i tute the ma j o r  emphas is of the present system , w i th 1 6  
o f  the total o f  2 5  we ighting facto r po ints ( as deta i l ed i n  Appendi xes 
E and F ) . 

At the sta r t  of the rev i ew panel meet ing , the s co r es o f  a proposal 
f r om each pane l  member are tabu lated and then ave raged to yield a 
panel sco r e  fo r each proposal . The h ighes t and lowes t s co r es o f  the 
n i ne panel membe r s co r es are dropped to obta i n  the averaged s cor e r 
however , panel members have the oppo r tun i ty to defend thei r s co r es . 
In r esponse to a BOM letter of i nqu i ry to panel members seek ing 
comments on the selec t i on pr ocess , one member bel i eved that the 
dropping o f  h i gh and l ow scores cou ld i nh i b i t  d iscus s i on by the panel 
members who had g iven these sco r es . 

For r ev i ew purposes , proposal s  wer e  grouped under eight r esearch 
catego r ies : r evegetat i on , slope stab i l ity , f i r es ,  acid mine drainage , 
b i ol og i ca l , geochemica l ,  s ubsi dence , and •other . •  Each panel was 
expec ted to dev ise i ts own groupings based on the proposals received . 

Proposa l s  may be rej ected at the outset for var ious r easons , as 
d e f i ned i n  the instruct ions , but for  those proposals el iminated f o r  
noncomp l i ance , a just i f i cat i on mus t  be pr epar ed and incl uded wi th the 
recommendations . Val i d  reasons for r e j ec t i on are that a ma jor segment 
such as the budget is miss ing , the proposed pro j ect exceeds t ime or  
cost l imi tat i ons , the r esea rch is not related to an abandoned mine 
prob l em , the proposer has a poor r ecord of pe r fo rmance , and so forth . 
Any panel member has the oppor tunity to defend a proposal or r ecommend 
r e j ection based upon the membe r ' s  pe rsonal expe r ience . Informat i on 
brought out dur ing the panel d is cussion may cause any o r  a l l  panel 
membe rs to r esco r e  ce r ta i n  proposals pr ior to f i nal tabulat i on . 

Those pro j ects w i th the h i ghest total s cores are l is ted and 
selected in o r der  fo r funding unt i l  the es t imated budget fo r r es earch 
and development that year is reached . Rega rd ing proposals  of unusual 
me r i t but wi th too-h igh o r  too-low a budget or t ime f r ame , a panel 
membe r is  selected to negot iate w i th the proposer .  such negot iations 
mus t be pe r formed ca r ef u l ly to stay within cont r acting law but a r e  
very va luabl e to sa lvage needed r esearch . 

At the concl us i on of the panel meeti n g ,  a l l  panel members ' 
ind i v i dual s cores plus the total s co r es for each pro ject are turned in 
to the BOM procu r ement of f i ce . Any comments and jus t i f i cat i ons of 
out r i ght r e ject i ons , or pro jects need ing negot i a t i on ,  are also noted . 
The panel ' s  select i ons a r e  f i nal , as ind icated in the appropr iat i ons 
language that cal led for  this  process . That i s , the panel ' s  
select i ons a r e  not sub j ect to change by BOM . 

The cont ract ing for r esea rch by OSM was s ub ject to many problems . 
I n  some ca ses , pr o j ec ts selected by the OSM-manage d panel did  not have 
s igned cont rac ts unt i l  two years a f ter select ion . The t ime lag in 
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program d i ssat i s facti on on the pa r t  
The BOM procu r ement un i t , o n  th e 
ahead w i th the cont ract i ng s tep 

It wa s generally assumed by panel members and others that r es u l t s  
of t h e  r esearch wou ld be publ i shed and d i sseminated . However , th is 
has not happened . Results of AML research completed in 1986 have not 
been d i s t r i buted by OSM to the s tates , nor is there any apparent 
mechan i sm in place to do so . As BOM does have a general technology 
trans fer system , and in l i ght of recommendat i ons made in Chapter 4 o f  
th is r epo r t , prob l ems rel a t i ng to technology transfer should be 
reso lved under BOM administration . 

3 . 4  OBSERVATIONS ON IMPROVING THE SELECTION PROCESS 

A survey of prev i ous pane l members per formed by BOM el i c i te d  
responses conce r n i ng t h e  sel ect i on cr i te r ia . The consensus was that 
the overa l l  process was fa i r  a nd workabl e , but somewhat cumbersome . 
Si x panel members observed f l aws in the pr es en t  pr oject selecti on 
system or prov ided recommended changes . Comments var ied , but the 
s t r ongest consensus wa s among three members who sugges ted that the 
rat ing system shou ld be s impl i f ied . Sugges tions made were as follows : 

Sco r ing : One pe rson sugges ted sco r ing on ly the s i x  ma j o r  pr oposal 
cons iderations , not each cr i ter i on , but sugges ted keeping the cr i te r i a  
( shown o n  Table 3 . 1 ) for  a gu ide . Another proposed applying a 1-10 
s core , based on s impl i f ied c r i ter ia , to the six  ma j or proposal 
cons i derat i ons . 

Two members sugges ted that there should be a low sco r e  cut -off  
number that would el iminate a proposal from cons iderat i on before or at 
the beginning of the panel rev i ew ,  thereby sav ing t ime and d i s cuss i on 
on • dead • issues . There was a sugges t i on that a r ev i ewe r who does not 
know of or  understand a ce r tain  recl amat ion techn ique or reg i onal 
probl em cou ld absta in from vot ing wi thout h is or  her abs ten t i on being 
det r imenta l to the proposal ' s  tota l sco r e .  

Another po int r a i sed was that both low scores and h i gh sco r es by 
an ind iv i dual panel member should be defended befo r e  the gr oup as a 
whol e ,  p r i o r  to f i nal resolut i on of the projects . There was a concern 
that the panel may not get the benef i t  of an ind i v i dual ' s  inside or 
unusual ly accur ate knowledge that shou l d  be shared wi th the whole 
commi ttee . Cu r r ently , the practice of dropping the h igh sco r e  and low 
sco r e  du r ing the averag ing tends to inh i b i t  these panel  membe rs from 
par t i cipat ing in the discuss ion . 

Weighting facto r s : A g r eate r we i gh t i ng facto r to 1 -B , •Magn i tude 
of P r obl em , • one of the s i x  ma j or proposal cons i derations , was sought 
by a member . Under th is ma j o r  heading ( as shown in Table 3 . 1 ) three 
cr i te r i a - -env i ronmental , human , and economic e f fects--are thought to 
war r ant mo re we ight . Th is cons i derat i on i s  cu r ren tly gi ven a 
wei ght ing factor  o f  3 ,  wh ich is second to the last in magn i tude , with 
on ly IV-A , • proposer ' s  Qual i f i ca t i ons , •  being lowe r . ( See Tabl e  3 . 2 . ) 
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C r i ter ia : One suggestion was to revise the cr ite r ia to cor respond 
to the pr i o r i t ies as l is ted in section 403 of PL 9 5-87 ( and shown in 
Chapter 1 of this repo rt ) .  

Along wi th th is comment wa s a proposal to revise or el iminate the 
c r i terion I I -A ( 3 )  from cons i derati on ( shown on Table 3 . 1 ) .  Th i s  
cr i ter ion , one o f  three under the maj o r  proposal con s i deration 
• proposed Solution , • is ti tled • completeness of approach in advanc ing 
the state of the a r t . • Sco r ing of this criter ion is based on the 
deg ree of contr ibution to advancing the state of the a rt ,  pl us how 
operational the technique is relati ve to cons truc t i on projects now in 
the f ield . 

Admin i s t rat i ve se r v i ces : TWo members of the selection panel 
proposed admin istrative support for the rev i ew panel . One suggested 
hav ing a secretary working wi th the panel to keep up with the 
bookkeeping of total s co res , a l lowing all committee members to rev i ew 
actively the proposals dur ing discu ss i on . Another sugges t i on was the 
use of computer-tabula ted s core shee ts to keep track of individua l  and 
group sco r es dur ing the panel review . 

There seems to be a growing concern about con tinuation of 
i mpor tant resear ch projects that are showing promis ing r esul ts . The 
cur rent system requi res a complete res ubmission of a proposal in order 
to obta in funding as a project matures into an innovat i ve techn ique . 
Th is is perce i ved as i nvo lv ing too much uncerta inty and too much t i me . 

3 . 5  CONCLUS IONS AND RECOMMENDATIONS 

The commi t tee bel ieves that the review panel s tructure and the 
pro ject selecti on process as i t  has evolved are wel l -though t -out . Its 
re commendations are for refinements to make the system more e f f i c i ent 
and r eflective of the h ighest -pr ior i ty r esearch needs . 

Recommendation 3 . 1 :  The commi ttee recommends that the bureau 
prepare a resear ch plan wi th pr ior it ies i denti f i ed ,  and that t h e  key 
elements of the plan be incorporated into the ca ll for proposal s  and 
sco r ing in the selecti on process . The AML research pol i cy and 
resea rch pr iori t i es are in trans i t ion as th is repo rt is being 
wr i t ten . The previous po l i cy expressed only vague goa l s  and 
ob jectives . The r esearch ef fort was not focused on the sol u t i on of 
e i ther shor t-term or long-term AML problems . The program was 
react i v e ,  in that i t  did not ident i fy spec i f i c  resear ch pr iori t i es but 
rel i ed on the proposer to define the research d i r ection . 

Recommendation 3 . 2 :  The present system of informal peer r ev i ew 
practi ced by panel members wi th in their own agenci es should be 
forma l i zed and expanded to include peers drawn from OSM, BOM, state 
agencies , academic and r esea r ch o rganizat ions , and industry .  BOM can 
es tabl ish a l i st of qual i f ied people by d i s c ipl ine outside the agency 
who coul d rev i ew and comment on spec i f i c  propos a l s ;  peer comments 
shou ld be made ava i lable to the rev i ew panel for the i r  timely 
del iberat ion . The purpose of peer review of research is • to all ocate 

Copyright © National Academy of Sciences. All rights reserved.

Setting Priorities for Abandoned Mine Land Research
http://www.nap.edu/catalog.php?record_id=18916

http://www.nap.edu/catalog.php?record_id=18916


49 

resour ces fa i r ly i n  s upport of  h i gh-qual i ty s c i ence in relevant 
f i el ds . • ! Peer rev i ew judges the sci ent i f i c  me r i t  o f  pr opos ed 
research pro j ects and usual ly cons i ders addi t i onal fac tors such as the 
sci ent i st ' s  past pe r fo rmance and the pe rsonnel and r esources ava i l ab l e  
to t h e  researche r .  As i n  the selecti on panel ' s  procedure , peer 
rev i ewe rs genera l ly ass ign a pr ior i ty sco r e  ind i cat ive o f  thei r 
ass essment of the proposal . 

The peer rev i ew process i s  prospecti ve : that i s , pr oposed r es earch 
pro j ec ts a r e  pr e j udged on the i r  l i k e ly s c i ent i f i c  and technical mer i t , 
impo r tance , and succes s . Rev i ewe rs do con s i de r  r et ros pective aspects , 
however , such as the qual i ty and quant i ty of the i nves t i gator ' s  
pr ev i ous sci ent i f i c  output . 

Cons i derat ion might be given to the rel evance of r es earch to a 
goal ext r i ns ic to the r esearch pro ject i tsel f , such as the developmen t 
of new o r  improved technology or the sol ut i on of social pr ob lems . 
Add i t i onal factors could include the rel evance to miss i on-o r i en ted 
goa l s  of the prog r am ,  nat i onal impact of the r esearch , o r  
inte rdiscipl inary character of  some a r eas o f  sci ence . 

Many methods can be used to select r esearch proposal s ,  but a l l  
shoul d  r equ i re the r esearch act i v i ty t o  b e  r ev i ewed b y  peers i n  the 
f i eld . One weak nes s of the OSM ' s  AML program was the lack o f  a 
r equ i r ement for peer r ev i ew .  Methods for includ ing peer r ev i ew i n  the 
cu r ren t select i on process incl ude seve ral approaches . It  would be 
pos s ible to develop a peer rev i ew l ist based on spec i f i c  r esearch 
expe r tise , and then ma i l  the pr opos als to at l east  two o f  thes e  
ind i v i duals wi th a r equest f o r  revi ew ac cording t o  an accepted 
format . A second approach that might be mo r e  appr opr iate to the 
requ i r ements of the l aw wou l d  be to add a suf f i c i ent number of peer s  
to the panel , varying the i r  expe r tise wi th the res earch pr ior it i es 
iden t i fed or topics to be r ev i ewe d . I n  th i s  way the panel cou ld 
benefi t f rom the technica l  expe r t ise of the sci en tists , and the 
sci en t i s ts cou ld benefi t from the pr act i cal  aspec ts of panel member s  
through di scuss ion of the research topi c pr opos ed . Normal Bu r eau of 
Mines procedu res i nvolve rev i ew of the pro j ect activ i ty w i th peers 
f rom wi th in thei r organization , and such ind i v i dual s a r e  part of  the 
cur r ent l egislated panel , but it is adv i sabl e  to include peers from 
outs i de government as we l l . Car e  should be ta k en to avo id con f l i c t of 
inte res t .  

Recommenda t i on 3 . 3 :  It  i s  recommended that the bu r eau es tabl ish an 
ident i f i able or speci f i c  research ob jective at the beg inning of the 
research ac t i v i ty .  Techn ica l mon i to r s  wi l l  be able to fo l l ow th e 
prog r ess of the wor k ,  wi th the ob j ective in mind,  as i t  is  be ing 
performed . The r e  should be a f o l l ow-up pr ogram to asce r ta i n  the 
success or fa i lure of the techno logy , and possible need for  further 
res ea r ch ,  engineer ing development ,  o r  mod i f i ca t i on o f  the sys tem . I f  
a conc rete r esearch ob j ec t i ve i s  es tab l i shed a t  the beg inn ing o f  the 
resea r ch ac t i v i ty ,  the e f f o r t  wi l l  be prov i ded wi th a measurab l e  means 
of eva l uat ing the ef fect ivenes s of the r esearch . I f  the r esearch 
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prov ides the answer to a previously perpl exing quest ion , i t  has 
cer ta inly been succes s ful . I f ,  on the other hand , the r esearch 
reveal s that the d i rect ion taken will not address the problem ,  t h i s  
a l so can be a valuable and defined concl us ion . 

By i ts very natu r e ,  the development of i deas and the i r  trans f e r  
others is accomp l i shed by disconnected steps that form a con t inuum 
only i f  the i dea is broad enough to be picked up by other individua:  
at d i f fe r en t  l ocat i ons and car r ied forwa r d  by them . A major f a i l i n� 
of large organi zational research programs and federal governmen t 
contract r esearch is the lack of cont inu ity and f u l l  devel opmen t o f  
i deas produced by the research e f for t . The bigger the organ i z at i on 
the broader the topi c ,  the more d i f f i cult it is to mainta i n  a threac  
of cont inu ity of developed research i deas . 

The program d i r ector is an i mpo r tant aspect of the continu ity of 
the research effor t . The AML research d i rector should not only mana 
the paper f l ow of contract r esearch but should also execute the 
substantive research plan dev i sed by the pol i cy-mak ing body of the 
bur eau . The d i r ector should make s i te v is i ts to the research 
act i v i t ies to ensure that qual ity work is be ing performed , that 
research ob jectives of each proj ect are be ing met , and that the wo rk 
reflects the r esearch pr i or ity i t  was intended to reflect . 

Abandoned mine land research is a fai r ly def ined f i el d ,  and the 
d i r ector shou ld be fam i l i ar with most act ive r esearchers i n  the 
f i e l d . Likewis e ,  the d i r ector should have a good concept of the sta 
of the art in those areas important to AML research and be able to 
bring th is knowledge to the research project selecti on process . 

There is a good opportunity to estab l i sh con t inuity in the AML 
research program now that it is part of the Bu rea u  of Mines . A 
cons is tent program can be developed based on the research products o 
the contracted acti v ities . The progr am should be r ev iewed on a 
regular bas i s ;  because of the t ime constra ints on this program , it i 
recommended fo r maj o r  rev i ew with in two yea r s  to determine i f  i t  
reflects the ob jectives and pr ior i t ies set for i t .  

I n  add i tion , t ime should be a l l otted on the f i rst day o f  each 
Review Panel ses s i on for repor ts of ongo ing and completed research . 

Recommenda t i on 3 . 4 :  I n  v i ew of the longe r -term natu re of some 
impor tant research ,  the committee recommends that promis ing research 
projects be a l l owed to be amended , upon the selecti on panel ' s  
approva l ,  rather than be r equ i red to undergo a complete s ubmi t tal fo 
f und ing every year . This would probably ca ll for a change in the 
procurement process .  Many new and promis ing research i deas are in 
s uch an early stage of development that needed answers may not be 
developed in one or two years of wor k .  Most new technologi es requ ir 
an evolution of progres s ive steps to reach f i eld implementa t i on . La 
year ' s  panel d is cussed the need for a mechan i sm to assist in this 
progres s i on ,  instead of requ i r ing a complete reappl icat ion every 

year . It can general ly be cons i dered cost -ef fective for the most 
exper ienced r esearcher to cont inue wi th projects , thereby adding to 
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exist ing expe r i ence . A system for eas i ly amend ing h ighly innovative 
and espec i a l ly exci t ing pro j ects when needed could be bene f i c i a l  if  
not ove rused . 

Recommendat ion 3 . 5 :  The process for eva luat i ng and selecting 
resea rch proposal s shou ld have enough f l e x i b i l i ty to cons i de r  
proposal s wi th unusual qual i t ies . For example , an encouragement of 
some coope r at i ve research pro j ec ts shou l d  be bui l t  i n  to the proposa l 
submis s i on and eva luat i on process . I f  par t i a l  fund i ng we re to be 
prov ided by a min ing company and the resu lts of a pa r t i cular pro j ect 
would be usef u l  to AML reclamat ion and to ac t i ve mining as wel l , the 
proposal could be g i ven a certain  pr ior i ty o r  r ank i ng within  the 
ove rall  se l ec t i on process . 

Recommenda t i on 3 . 6 :  The comm i ttee bel i eves that max i mum 
ut i l i zat i on shou l d  be made of the talent in the Bu reau of M i nes and i n  
the Mineral Ins t i tutes in  addres s i ng the pr i o r i ty topics . Because the 
bu reau has had a great deal of expe r i ence in water qua l i ty and 
subs i dence problems , these two a r ea s  shoul d  r ece ive par t i cular 
attent i on for BOM research fund ing . The bur eau i s  l i ne-item f unded to 
ca r ry out a wi de range of sci en t i f i c  and technolog i ca l  res earch . A 
rev i ew of the publ i ca t i ons i ssued by the bur eau in  the per iod 1 9 8 3  
through 1 9 8 6  revea l s  that t h e  bu r eau pub l i s hes a good dea l  of wo rk on 
the h igh-pr i o r i ty resea rch topics ident i f ied in Chapter 2 . 2 

Subs i dence and wa ter qual i ty are  the sub j ects t r eated in by far the 
l a r gest numbe r of pape r s . Revegetation,  m i ne was tes , and slope 
stabi l i ty a r e  also prominent topics . 
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Chapter 4 

TECHNOLOGY TRANS FER 

4 . 1  THE FOUNDATI ONS FOR D I SSEM I NATI ON OF AML RESEARCH 

Cong ressman Nick J .  Rahal l  I I ,  cha i rman of the Subcommittee on 
Min i ng and Natural Resour ces of the House Commi ttee on Inter ior and 
Ins ular Af fai rs and author of the proposal to t rans f er the abandoned 
mine land research program f r om the Of f i ce of Su rface Min ing to the 
Bu reau of Mines , s t ressed that an ef fective technology transfer 
proces s  needed to be inco rpo rated into the research program . The 
emphas i s  was appropr iate and t ime ly in l i ght of OSM ' s  record in 
technol ogy trans fe r  and the growing nat i onal conce rn fo; conveying 
resu l ts of federal research and development to the pr i vate sector . 

Wi th the trans fer of the AML research program to BOM , pr omulgated 
by the Cont inu ing Resolut i on for Federal Agenci es for f iscal yea r 
1 9 8 7 , the Of fice of Sur face Mining and the Bur eau of Mines amended and 
reaf f i rmed the terms of a Memorandum of Unde rs tand i ng ( MOU ) between 
them , drawn in Novembe r 19 79 . The or igi nal MOU sta tes in par t : 

• • • OSM and BOM wi l l  j o intly use the i r  capab i l i t i es and 
resour ces to ass i s t  in i dent i fying cr i t ical resea rch needs to a i d  
i n  assur ing max imum ut i l i zation o f  developments result ing from 
env i ronmental resea r ch . OSM and BOM w i l l  dete rmine methods for 
ef fect ive technology t ransfer • [ emphas is added ] 

BOM and OSM sha l l  implemen t • • • joint use of the methodology to 
formu late research prog rams from informa t i on received from a l l  
sources incl ud ing that sol i c i ted f r om the min i ng indus try , labo r 
organ i zations , other governmental organ izations , the academic 
commun i ty ,  organ i zed c i t i zens and r egi onal/na t i onal env i r onmen ta l  
groups • • • 

The memo randum ref lects a l ong-standing and evolv ing commitmen t by 
the fede ral government to technology trans fer . 

5 3  
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A s tudy by the Nat i onal Research Coun ci l ' s  Committee on Abandoned 
Mine Lands , ent i tled A Mid-course Rev i ew of the Nat i ona l Reclamat ion 
Prog r am for coal l ca r r i ed out at the reques t of OSM ,  supports 
Cong res sman Raha l l ' s  conce rn for a v i able program of technology 
transfe r for AML resear ch . The study notes : 

The transfer of new ideas and research products , cons truc t i on 
techn iques , management procedu r es , legal opi n i ons , and anyth ing 
else that may improve the cost ef fect iveness of the program is 
impo r tant . OSM has prov i ded much guidance to the states wi th 
respect to abandoned mine land proj ect des i gn . Unfor tunately , 
there are few mechanisms to incorpo rate the techni ca l  advances 
that are made as the proj ect volume increases each year . The 
numbe r of expe r i enced des igners and cons truc to r s  is  rapi dly 
inc reas i ng , yet there appears to be no e f f i c i ent mechan ism for 
inco rpo rat ing this bur geoning exper ience into the des ign manual s .  
Per haps the Eastern and Wes tern Techn i ca l  Centers shou ld summar i ze 
the natu r e  and extent . of the rema i n ing abandoned mine land 
probl ems that will requi re abatement and iden t i fy the var i ous 
reclamat i on approaches that might be used to abate them .  These 
regi ona l manua l s , wh ich recogn i z e  topogr aph i c ,  geomorph i c ,  
cl imat i c ,  cu ltu r a l , and othe r d i fferen ces , could be publ i shed and 
d i s t r ibuted by OSM and be the end-product of va r i ous conferences 
or symposia . 

Sugges t ing some methods of techno logy trans fer , the committee 
repo r t  cont inues : 

An ef fective technol ogy transfer pr ogram is not now in place and 
shou ld be impl emented at once . Th is cou ld be handled through an 
agency out s i de of OSM ,  such as the Bu r eau of Mines , or  could be an 
ass i gned ob ject i ve of one of OSM ' s  techn i cal centers . There are 
many model s  to choose f r om in industry , government and academia . 

The report suggests several channels , inc l ud ing document ing case 
s tu d i es in pub l i ca t i ons , techni ca l  workshops , contracting practice 
wor kshops , a federal consult ing role to state agenc i es , and 
encouraging expe r imenta l prac tices . The study concl udes wi th a 
recommendat i on that a technology transfer  program shou ld be 
establ i shed e i ther thr ough one of the OSM techn ical cen te rs or thr ough 
another research-o r i ented agency . 

4 . 1 . 1  The Federal commi tment to Technol ogy Trans fe r 

I t  has l ong been the pos i t i on of the federal gove rnment that the 
knowl edge and technol ogy generated by fede r a l ly funded research mus t 
accrue to the users of the serv i ce of the agency car rying out r esearch 
and developmen t  and , where appropr iate , to a wi de r  pub l i c , for 
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enhancement of the na t i onal economy and wel l -be ing . Accord ingly , the 
tran s fe r  of knowl edge is also in tended to ut i l i z e  r es ea r ch and 
devel opment from the a cademic and pr iva te sectors and from othe r 
coun t r i es . 

The fede r a l  governmen t has been enact ing l eg i s lat i on s i n ce the 
mid-1 8 0 0 s  to promote technology trans fer , and many programs have been 
es tabl ished in var i ous agenci es to accompl ish th is task . The mor e  
impor tant ones are : 

a .  The Library Depos i tor ies for Fede ral Documen ts . There a r e  
1 , 3 9 5  l ibrar i es i n  the Uni ted S ta tes serv ing a s  congres s i onal Feder a l  
Depos i tor ies . At l east  one depo s i to ry l ibrary is l oca ted in each o f  
the 4 3 5  cong ress i onal d is t r i cts . These l ibrar i es receive publ i cat i ons 
is sued by the exe cu t i ve , j u d i c i a l , and l egi s la t i ve branches at no 
cha r ge in exchange for prov id ing free publ i c  access . 

b .  The Land Grant Un ivers i ti es and Associ ated Ex tens i on Program .  
One Land Grant Un ivers i ty i s  author i zed for each state . The 1 8 6 2  law 
that es tabl i shed them gave fo rm to the concept of interac t i on and 
interdependence of r esear ch , educa t i on and tra in ing , and in forma t ion 
exchange . The i mpe tus for r es ea r ch and technology transfer was 
fos tered by the Hatch Ac t of 1 8 8 7 , wh i ch ini t i a ted appr opr iat ions for 
agr icu l t u r a l  expe r imen t s ta t i ons associated w i th Land Gran t 
Univer s i t ies . The miss i on of the extens i on programs was to ca r r y  ou t 
techno l ogy trans fe r of s c i en t i f i c ,  enginee r ing , and soci a l  
advancements developed in Agr i cul tural  Resea r ch Stat ions and t h e  Land 
Grant Un ivers i ti es . 

c .  The Na t i onal Techn i ca l  Informat i on Ser v i ce ( NTIS ) . By the 
mid - 1 940s , the wea l th of informa t i on emanat ing from defense r esearch 
l ed congr es s  to es tabl i sh the Pub l i ca t i ons Boa r d  for d i ssemina t i on of 
techn i ca l  informa t i on useful to pr iva te indus try . Under PL 8 1 - 7 7 6  of 
1 9 5 0 , a cl ear inghouse for techn i ca l  informa t i on was set up in the 
Depar tment of commer ce .  Th is was moved to the Nat i onal Bur eau of  
Standa r ds wi th in the depar tmen t ,  and i ts fun c t i on expanded . By 1970  
the funct i on of the un i t  warranted a separate operat ing en t i ty .  I t  
was renamed the Na t i ona l  Techn i ca l  Information Se r v i ce , des igned to 
make the r esu l ts of technologi ca l  r esea r ch and development mor e  
read i ly ava ilable fo r fede r a l , s ta te , and l oca l governmen t agenci es , 
univers i t i es ,  indus try , bus iness , and the general publ i c . Th is 
ser vice , wh ich complemen ts the Fede ral  Depos i tory Libr ary Progr am ,  
ma in ta ins a clear inghouse for the col l ec t i on , s torage , and 
disseminat i on of s c i en t i f i c ,  techn i ca l , and engineer ing in fo rmat i on . 

d .  Federal Labora tory consor t i um for Technology Transfer . The 
Feder a l  Laboratory consor t i um founded in 1 9 7 4  is a ser v i ce 
or gan i z a t i on that today pr ov ides a bas i c  l ink among some 3 0 0  federal  
laborator ies r epr es enting 10  d i f f e r en t  agen c i es . The or iginal 
organ i za t i on pr ov i ded the hor i z on tal l i nkage , and in 1986 was amended 
to pr ov i de for t r ansfer of informat ion to the pr ivate secto r . 
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TO summar ize , t h e  execu t i ve a n d  leg i s l a t i ve branches o f  t h e  u.s. 

government have understood the impor tance of informa t i on and 
technol ogy trans fe r across government agenc i es and to the publ i c .  
S i gn i f i cant l eg i slat i on has been enacted over the last cen tu ry to that 
end . The r e  a r e  good programs ava ilable  to expedi te the t r ansfe r of 
knowledge , but spec ial atten t i on must be appl ied to the system to 
ta i l or it to AML needs . The trans fe r of new i deas from the research 
laboratory and const ruct i on innovat ions from the AML f i e ld s i tes has 
not been inco rpo rated into any fo rmal program to date . There  is a 
need for a program of AML techno logy and informa t i on trans f e r  to the 
s ta tes and the min i ng indus try . 

4 . 1 . 2  Technology Trans fer in the Bur eau of Mines 

The Bu r eau of M ines is  the agency now cha rged wi th the 
r espons ibi l i ty for car ry ing out abandoned mine lands resea rch and the 
technol ogy trans fer prog r am suppo r t ing i t . 

S ince i ts incept i on ,  the bureau has engaged in research and 
estab l i shed i ts own resea r ch labo rator i es sys tem , beginning wi th the 
P i t t sbu rgh cen te r , wh i ch o r i g inal ly had been set up under the u.s. 

Geol og i ca l  Survey in 1 9 0 7 , trans fe r r ing to BOM when i t  wa s created as 
a separate ent i ty in 1 9 1 0 . The Denver Field Stat i on was organi zed in 
1 9 1 0  and des ignated as an expe r iment sta t i on in March 1 9 1 5 . Other  
stat i ons we re to fol l ow : Sa l t  Lake C i ty at the Un ive r s i ty of Utah : 
Twin C i t i es ( both in 1 9 1 3 ) : Rol l a  a t  the Missou r i  School of Mines in 
1 9 2 0 : the Rocky Mounta in Exper iment Stat i on i n  Golden , Color ado in 
1 9 2 0  ( th is later moved to the Un ivers i ty of Nevada at Reno and 
spec i a l i zed in  rare and pr ecious me tals ) :  Southe rn Expe r iment Stat i on 
at the Un ivers i ty of Al abama , TUsca l oosa in 1 9 2 0 : No r thwes t  Sta t i on at 
Al bany , Oregon , in 1 9 4 4 : and Spokane Center in 1 9 5 1 . These resea r ch 
centers funct i on as separate en t i t i es , but whe r e  locat ion pe rmits , 
resea r chers have ma inta ined c lose t i es wi th univer s i t i es and s choo l s  
wi th resear ch in min i ng o r  mineral extraction . 

The process and r esu l ts of the bu reau ' s  info rmat i on exchange leave 
l i tt l e  doubt tha t  the bur eau has practi ced techno l ogy t r ansfer f r om 
i ts r esearch endeavors across federal  and s tate agen c i es , 
un ivers i ti es ,  and the pr ivate secto r . 

The r esea r ch program of the bu reau was greatly expanded and 
s t r engthened by the Fede r a l  Coal Mine Health and Sa fety Act of 19 69 
( PL 9 1 -1 7 3 ) ,  wh i ch r equ i red the bur eau to 

conduc t such stud i es , r esea r ch , expe r imen ts and demon s t r a t i on s  as 
may be appropr iate to impr ove wor k ing cond i t ions and prac t i ces in 
coal mines and to pr even t acci den ts and occupat ional di seases 
o r ig inat ing in  the coa l min ing industr y .  

The ne xt ma j o r  incen t i ve t o  r es ea r ch and techno logy t r ans fe r  was 
unde r Ti tle  I I I  of the Surface Min ing Control  and Reclama t i on Act 
( SMCRA ) o f  1 9 7 7 , wh ich appr opr iated funds extend ing ove r  7 years to 
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ass ist  the states • in car ry ing o n  the wor k o f  a competent and 
qual i f i ed min ing and miner a l s  resources research insti tute • • • at 
one pub l i c  col l ege or univers i ty in the s tate • • • •  • The act set 
ce r ta in bas ic standa r ds for qual i f i ca t i on and es tabl i shed an Adv isory 
Commi t tee on Min ing and Minerals Resources to determine wh i ch programs 
would be r ecogn i z ed as the Min i ng and Mineral Resources Research 
Ins t i tutes . Today the re are 3 2  ins t i tutes recei v i ng an annual federal 
grant tha t  ha s to be mat ched by state funds . The insti tutes are able 
to compete for add i t i ona l resea r ch funds . 

In 1 9 8 2  congres s  d i r ec ted a r ea l i gnment and consol i da t i on of the 
research commi tment at unive r s i t ies se ek ing centers of Exce l l en ce in 
min ing and mineral resea r ch .  Th is was implemen ted through the Sta te 
Min ing and Mineral Resour ces Research Ins t i tute Program Act of 1 9 8 4  
( PL 9 8-409 ) .  Extending prov is ions of PL 9 5 -8 7 , t h e  new a c t  author i zed 
sett ing up gener i c  resea r ch centers to focus development of expe r t ise  
in  depth in d i s t inct min i ng and minerals topi cs . Today there ar e f i v e  
centers w i th gene r i c  s tud ies : in mine systems des ign a n d  ground 
cont r o l , pyrometa l l urgy ,  comminu t i on , mineral  industry waste tr eatmen t 
and recover y ,  and respi rable du s t . 

The prog r am at each gene r i c  cen ter is rev i ewed for techn i ca l  
competence by a Research Adv isory coun c i l  made up of indus try,  
gove rnment ,  and  un i vers i ty experts in the par t icular gener ic area . 
Associated with each gene r i c  center is a reference cente r , whi ch 
ser ves as a depos i tory and d i s t r ibuto r of info rmat i on in that 
tech n i ca l  a r ea . The obj ec t i ve is  to es tabl i sh centers wi th 
compr ehen s i ve coverage of spec i f i c  ar eas of mining and mineral 
resea rch and informat ion . 

Th rough the Gener ic Resear ch Center concept , the Bu reau of Mines 
can d i rect the focus of r esea r ch to those topics i n  need of greatest 
at tent i on . I t  seems ev ident that there is a place fo r a new gener i c  
resea rch center concentrat ing o n  abandoned mine l and reclama t i on 
problems , wi th a f f i l i a ted Mineral Ins t i tu tes l ocated in each coal 
state where abandoned mine lands are found . Th is wou ld a l l ow a close 
wor k ing relat i onsh ip wi th the AML s tate agen cy to add r es s  the spec ial 
cond i t i ons found i n  each s tate . Th is k ind of program cou ld have 
similar  characte r ist i cs to those of the Agr icu l tu r a l  Exten s i on program 
l ocated at the Land Grant Un ivers i t ies . The establ ishment of a 
gener ic cen ter in r ec l ama t i on i s  advocated by the Adv isory committee 
on Min ing and Mi ne r a l  Resou rces . 2 

I f  AML reclama t i on i s  to be accompl ished in an ef fect i ve and 
ef f i c i ent manner , the program of technology trans f e r  put in pl ace 
cannot be l imi ted to technol ogy de r i ved f r om AML resea r ch . The fact 
that s u rvey respondents cons idered revegetat i on a pr ior i ty research 
sub j ec t ,  desp i te abundant publ i shed r esearch on revegeta t i on of 
seve rely d i s tu rbed so i l , sugges ts a gap i n  technology trans fer and the 
d i s semina t i on of resea r ch and f i el d  expe r imen t res u l ts to AML 
reclamat i on pract i t i one r s . These broad and interrelated issues shoul d  
be enfo lded in a coo r d i nated and compr ehen s ive info rmat ion and 
technology t rans fer sys tem .  
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4 . 1 . 3  BOM ' s  Technology Trans fer Program 

The ma j or obj ec t i ve of Bu reau of M ines resea r ch is in s uppor t  of 
i ts ass igned m i s s i ons of advanc ing m i n i ng technology,  promot i ng hea l t h  
and safety in m i n i ng , a n d  protect i ng t h e  env i ronmen t f r om the impac ts 
or consequences of m i n i ng . Th i s  cal l s  for a d i rect input by the 
agency into the ope rat ions , techn iques , and systems of min i ng . Of 
h i gh pr ior ity has been i ncorporat ing r esearch resu l ts into the design 
of new o r  improved equ ipment and devices , procedu r es and 
methodolog i es , servi ces , and r egulat ions a f f ect ing al l sectors of the 
min ing industry and s tate mineral agenc ies . 3 

Trans fer  of technol ogy in the ear ly stages was promoted formally 
th rough the bu reau ' s  techn i ca l  publ ications , by pape r s  presen ted at 
s c i ent i f i c  and profess i onal meet ings , and by ar t i c l es and news i tems 
in techn i ca l  a nd t rade journa l s . The same ob j ec t i ves we re pu rsued 
info rmally by techn ical personne l in the f i eld as pa r t  of thei r 
rou t i ne contac ts with Mineral  Ins ti tute personnel , and other research 
orga n i z a t i ons in the pub l i c  and pr i vate sectors , and ope rat i ng 
personnel in  the mineral indust r y .  These e f fo r ts have been susta ined 
throughout the yea r s  ( BOM pe rsona l  communi cat i on , 1 9 8 7 ) . 4 

Fol l owing a s i gni f i cant expans i on of the bu r eau ' s  heal th and 
safety resea r ch after  the 1 9 69 coa l Mine Hea l th and Safety Ac t ,  a need 
wa s r ecogni zed for an in tens i f i ed and st r uc tu r ed approach to 
technology t ransfer ( BOM 1 9 8 7 ) . 5 

In Apr i l  1 9 7 2  a mining r esea r ch technology trans fer  program wa s 
set up by the Deputy Di rec to r  for Mine r a l  Resou rces and Env i ronmenta l 
Development .  A commi ttee i den t i f i ed r esearch r esul ts that we re 
r e l a ted to min ing probl ems and wou ld lead di rec t ly to the improvemen t 
of prac t i ces , techn iques , methods , and/or devices . A pe rmanent Min ing 
Resea rch Technol ogy Transfer Group on the staf f of the As s i s tant 
Di r ec tor  wa s formed in 1 9 7 3  and st i l l  funct i ons toda y .  

The bu r eau was a l s o  af fected b y  a s ign i f i cant innovati on i n  
technol ogy t ra ns f e r  po l i cy ,  the Stevenson -Wydler  Act o f  19 80  ( PL 
96-480 ) .  Among i ts wide-rang ing pr ov i s ions , the act requ i red each 
fede r a l  agency conducting r esear ch and development and i ts ma j o r  
laborato r i es t o  iden t i f y  technology hav ing comme r c i a l  or prac t i ca l  
app l i ca t i on , and to encourage t rans f e r  o f  the techno logy . To d o  th is , 
feder a l  agenci es set up Of f i ces of Resea r ch and Technology 
As ses sment . Each of the BOM ' s  Min ing Resea r ch cen ters ha s a 
Technology Trans fer Of f i ce r  appo inted to ass ist the Center Di r ector 
and headquar ters by : 

• planning , progr amming , and implemen t ing t r ans f e r  plans , 
• communi cat ing to industry,  the academic community , and othe r 

agenc i es new technolog i cal developments , 
• s e r v ing a s  a foca l po int for l ia i son with othe r organ i zat ions 

on m i n i ng technology , and 
• planning and execu t ing spec i a l  br ief ings , f i lms , documenta r ies , 

and info rmation progr ams to pr omote use of improved techno l ogy to the 
min ing indust ry ,  and l ea r n i ng f r om them of needed r es ea r ch . 
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The Ass i s tant Di r ectors fo r other d i v is i ons of t h e  bur eau managed 
trans fer aspec ts of the i r  programs , wor k ing through the headqua r ter ' s  
trans fer staff ( Federal coun c i l  on Sci ence and Technology 197 5 ) . 6 

Ea r ly in 1 9 8 2 , as par t  of a general bu r eau reorgan i z a t i on ,  the 
technology t rans fer uni t became a branch of the Of f i ce of Techn i ca l  
Info rmation , wh ich coordinates a bur eau -wi de t r ansfer effort . Th is 
change brought in forma t i on sys tems in close coordinat i on wi th 
technology trans fer and prov i des mor e  effecti ve suppor t  to all bur eau 
resea r ch func t i ons . 

One info rmation sys tem of value to the technol ogy t r ansfer pr ogr am 
is the Min ing Resea r ch Management Informat i on Sys tem ( MRM I S ) ,  a 
computer ized pro ject i n fo rmat i on sys tem suppo r t i ng the planning and 
management of min ing r esea r ch pro j ects . MRM I S  began wi th an Apr i l  1 8 , 
1983 , memo from the bur eau Di r ector to the Ass is tant Di r ectors  for 
Mining Research and for M i nerals  and Mater ials Research , i n  wh i ch the 
Di r ec tor expressed his inten t i on to insti tute an automated pr o j ect 
trac k ing sys tem for both in-house and contracted Research and 
Devel opmen t pro j ects . MRM IS became ope rat ional on October 1 5 , 1 9 8 4 , 
and a dBASB I I I -compat ible subset was r eady for the Di rec tor ' s  
Deci s i on Suppo r t  Sys tem ( DOSS )  by Febr uary 1 9 8 5 . DOSS i s  an 
IBM-PC-based informa t i on r e t r i eval sys tem . 

The MRM I S  pro j ect wa s developed and is ma i n ta ined at the 
Pi ttsburgh Resea rch center  for the Ass i s tant Di rec tor for Min ing 
Resea r ch . Unfor tunately , acces s to the sys tem is l imited to bur eau 
pe rsonnel . 

In  s ummary , technol ogy trans fe r is an integral  par t  of BOM ' s  
miss ion . I t  has al l of the elemen ts of a good pr ogram , but i t  does 
not cu r rently s ingle out mine l and r ec l amat i on fo r cu r ren t or 
abandoned mine lands . It shou ld be r elat ively easy , through special  
effor ts , to  in i ti ate abandoned mine l and technology tran s fe r  
act i v i t i es f o r  the par t icular  audi ences in need of t h i s  informa t i on . 

Ways of trans fe r r ing the technology of the new AML research 
prog r am are a l r eady i n  place i n  the bur eau . They include : 

• Publ i ca t i ons --The Bu r eau pr oduces i ts own pub l i ca t ions , 
includ ing ser i es of In forma t i on C i r culars ( IC ) ,  Reports  of 
Inves t i gat i on ( RI ) , Bul let ins , Techn ical  Prog r es s  Notes , and the 
one -page Technology News . 

• Seminars , to inform indus try of new technology in spec i f i c  
operat i ona l a r eas , such a s  ground control  and ven t i l at i on in mining , 
tr eatmen t of refractory or es in meta l l urgy , and use of wet l ands for 
acid mine dra inage . 

• apen i ndus try br i ef i ngs ( OI B ) , to help k eep i ndus try abr east of 
research in progress . 

• Joint indus try-bur eau meet ings , at wh i ch info rmation is 
exchanged on technol og i ca l  pr obl ems and on progress i n  the search fo r 
solut ions . 
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• Wor kshops , to prov ide opportun i t i es for sma l l  groups of  
i ndus try pe r s onnel to ga in •hands-on • expe r ien ce in the appl i ca t i on of  
new technology . 

• Demonst rat i ons , to a l l ow indus try r epr esenta t i ves to wi tness 
new processes or  new equ ipment in operat i on . 

• Exh ib i ts , to d ispl ay bur eau technol ogy at l oca l and nat i onal 
industry meet ings . 

• Technol ogy transfer fi lms and v ideotapes , to document the 
appl i ca t i on of new technology in a form that can be made r ead i l y  
ava i l able t o  any indus try group fo r showing at i ts own conven i en ce . 
The bur eau is now d istr ibut ing these product ions in v i deotape format , 
wh i ch makes them ava i l able to a large r  aud i ence at min i ma l  cos t .  

Technology transfer events are announced i n  advance i n  press 
releases d i s t r ibu ted to the med ia and wi r e  se r v i ces and to techn ical 
and trade journa l s  i n  the minerals field . New f i lms i n  the technology 
t r ans fe r ser i es also a r e  announced as they become ava i l able . 

Ass ist ing the bu reau ' s  technology trans fer e f fo r t  are the feder a l  
m i n e  inspectors employed b y  t h e  Labor Depar tmen t ' s  Mine Sa fety and 
Hea l t h  Admin is t r at i on ( MSHA ) . The inspec tor s , some 1 , 40 0  s t r ong , ar e 
kept abreas t of new technol ogy thr ough f r equent meet i ngs of MSHA and 
bur eau staf f , d istr ibu t i on of Technology News to MSHA headquar ters and 
d i s t r i c t  of f i ces , and v i deotapes on new technol ogy pr oduced by the 
bur eau for the exclus i ve use of MSHA ' s  Nat i ona l Mine sa fety and Hea l th 
Academy at Bec k l ey ,  Wes t Virgi n ia . The inspec t i on force is  an 
ef fect ive instrument for introducing new technology to mi nes , 
espec ia l ly to sma l l  ope rators , who cannot always afford to send 
r epresenta t i ves to nati onal funct i ons . Th is extens i on program in 
spec ia l i zed topi cs a l l ows di rect interac t i on wi th the user . 

TWo other procedur es employed by the bur eau to further technology 
t r ansfe r  deserve men t ion : 

• Coope rat ive r esea r ch agr eemen ts , wh ich g r eatly f ac i l i tate 
technology t rans fer by i nvolv ing indus try as a co-i nves tor wi th 
government f r om the incept ion of a pr o j ec t . Al though an indus tr ial 
coope rator somet imes contr ibutes funds under such agreements , mos t 
cont r ibute by mak ing thei r  mines or othe r faci l i t i es , and f r equently 
the i r  pers onnel , ava i labl e to ass ist in  the development o r  test ing of 
new technol ogy . The c l ose wor k ing r el a t i onsh ips that evolve ,  and 
indus try ' s  proximity to the r esea r ch , fos ter the ef fec t i ve t rans fer of 
techno l ogy . Dur in g  FY 1 9 8 6 , the bur eau had 1 7 0  coope rat ive res ea r ch 
agreemen ts in ef fect . 

• Paten t l i censing , whethe r  exclus i ve or nonexclus ive , can be a 
potent for ce for the commer cial izat i on of new technology , and the 
bur eau ac t i vely encou rages such l i censing . Since 1 9 8 2 , s i x  exclus ive 
l i censes and 29 nonex clusive l i censes have been gran ted on pat en ted 
bur eau technology ( BOM 1 9 8 7 ) . 7 
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In conclus ion ,  the e x i s t ing el ements o f  the Bureau o f  Mines 
technol ogy trans fe r program that appear to be immed iately appl i cable 
to the AML program are publ i cations , seminar s ,  and work shops . The 
task of the AML resear ch program adminis trato r s  wi l l  be to determine 
the aud i ence for these act i v i t i es , as d is cussed in sec t i on 4 . 2 . 2  of 
th is repo r t . I t  is  impo r tant to r ea l i z e  that the use r  gr oup wi l l  be 
di f fe r ent from norma l  Bu r eau of M i nes c l i entel e . Most users w i l l  be 
construc t i on compan ies , sma l l er min ing compan i es , and s tate AML 
bureaus . 

4 . 2  D ISSEM INAT I NG AML RESEARCH AND CONSTRUCTION TECHNOLOGY 

The instrument t rans fer r ing the abandoned mine lands r esear ch 
prog r am f r om the Of f i ce of Sur face Mining to the Bu r eau of Mines 
mandated a technology trans fer program , pr es umably assoc iated w i th the 
research be ing unde r taken , a l though th is is  not clear . The Nat i onal 
Resea r ch counci l ' s  mid-cou r se r ev i ew of the nat i onal reclama t i on 
prog ram for coal included a r ecommenda t i on that the ent i r e  AML 
technology trans fer pr ogram be ass i gned to the Bur eau of Mines , a 
pos i t i on s uppo r ted by commen ts on the AML res ea r ch progr am r ece ived as 
par t  of th i s  study . l 

The Of f i ce of Sur face Mining is s t i l l  the r es pon s ible agency for 
impl ement ing the abandoned mine lands program , and as such will have 
maj o r  inputs into technology and info rmat i on transfer pr ogr ams , and 
wil l inva r i ably be the po int of f i rst contact for ques t i ons on the 
overal l AML prog r am . It i s  not known a t  th is t ime wha t  admin i s trat i ve 
a r r an gemen ts wil l be made be tween OSM and BOM on informa t i on and 
technol ogy t r ansfer beyond that agr eed to as a r es u l t  of the 1 9 7 9  
Memorandum of Unders tand ing a s  amended . 

I f  the AML program is to be implemen ted in a t imel y  manner , us ing 
state of the art  techn iques , it is  imperat ive that there be a v i gorous 
and we l l -coordinated program of info rmat i on and technology t r ansfe r . 
Ther e  i s  me r i t  i n  the re commenda t i on of the NRC Abandoned Mine Lands 
commi ttee ( NRC 1 9 8 6 ) 1 that the en t i r e  OSM AML technology transfer 
program , not just that emanat ing from r esea r ch , be ass igned to BOM , 
wi th OSM con t r ibuting to and supplying informat i on ava i labl e to them .  
cur r ently the r e  i s  no organ i zed OSM technology transfer  pr ogram . Wi th 
one comprehen s i ve prog r am , there shoul d be no gaps in da ta or 
in forma t i on ,  and the sys t em shoul d  be ful ly accountable . 

4 . 2 . 1  Technol ogy Tr ans fe r Def i ned 

The r e  is a need to def i ne • techno l ogy • and • techno logy t r an s fe r •  
a s  i t  should apply t o  the AM L  pr ogram . Many o f  the accepted 
defi n i t i ons and appl i cat i ons would cons t r a i n  the br oad and fr equently 
nontech n i ca l  system needed to implement AML reclama t i on . 

Technol ogy t r ans fe r  is of ten equated wi th col l ecting large numbe rs 
of tech n i cal r epor ts , s tor ing them in  semiautomated r e t r i eval sys tems , 
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wh i ch include a smaller  number of spec i f i c  i nnova t i on repor ts , and 
mak ing thes e ava i l able through l i te r atu r e  distr ibu t i on ,  w i th the 
ass umpt i on that t h i s  w i l l  result in s i gni f i cant and measu r able 
technology t rans fer . B 

In prac t i ce ,  however , the technol ogy transfer  process is or shoul d 
be i terat i ve and must be des i gned for inputs at al l l evels of the 
sys tem , par t i cu larly through deta i l ed user  contact and r eact i on . The 
phases s ubsequent to the r esearch may r equ i r e  compl ex stud i es to 
des ign the sys tems of implemen ta t i on , or s i mple des cr ipt ions of  
appl i ca t i on of the es tabl i shed pr incipl e . The extent of th is 
intermed iate or buf fer stage i s  determined by the complex i ty of the 
s c i ent i f i c  f ind ing and the extent of unders tand ing of the recipi en t  
aud i en ce . For those wi th knowledge and sk il l in the d i s ci p l i ne , the 
transfer may be the d isseminat i on of r esearch repor ts , wh i ch w i l l  
pe rmi t the r ec i pi ent t o  inco r po rate f i nd ings d i r ectly into a newly 
des igned or  an es tabl i shed sys tem . In other cases the f ind ings may 
have to be r ef ined and sub j ect to enginee r in g  pr oblem-sol v ing to 
develop equ i pment or procedu r es apply ing the pr incipl es . I n  these 
instance s , it may be advantageous to have d i rect pe r sonal exchange , 
wh i ch br ings together des igne r and user and a l l ows them to wor k s i de 
by s i de in  developing the know-how and method of t r ansfe r . 

It  is poss ible that the user ' s  hesi tancy may be such that a 
• faci l i tator • mus t  ca r ry out the pr ocedu re under f i el d  cond i t i ons to 
demons t r ate the ef fec t iveness of the new equ ipment or process . 

When the aud i ence of users is  broad and d i verse , i t  is to be 
expected that each wil l have i ts own d e f i n i t ion and expectat ions for  
technology trans fe r . It is also the  r ea son why def i n i t i ve 
des c r i pt i ons of the process found in  the l i terature may no t reflect 
the full  range of pr ac t i ca l  interac t i ons . I t  is s a i d  that the 
trans fer o f  knowledge is a mat ter of one man abs orb ing what another 
man is p r esent ing ( Ber ts ch and Mc intyre 1 9 8 3 ) 9 s ub j ect to the 
abi l i ty of the rec i pi ent to unde r s tand wha t  i s  be ing tr ans fe r r ed and 
the method developed to enable the recipi ent to gr asp the fundamenta l 
issues . 

In the AML program ,  hypothes es based on sci en t i f i c  obse rvat ion 
sug ges ted the use of we t lands to res tore acid mine dra inage waters . 
Technol ogy made poss ible the bu i l d ing of a r t i f i c i a l  wet l ands : the 
theory was tested but pr oven to be only par t i al ly successful , remov ing 
i r on but not manganes e . Thus the l i mita t i ons of the technology seem 
to s uggest the need for par t i cular s c i en t i f i c  s tud i es of we tlands . 
The proce s s  thus may be l ong , complex , and at t imes , r emote f r om the 
AML problem . If the s tudy r es u l ts in a natural process w i th 
recupe rat ive capac i ty to t r ea t  aci d  mine d r a i nage wi thout huge 
i nvestmen ts of equ ipment , manpower ,  t ime ,  and money , then the effort  
wi l l  be  a gr eat ach ievement . I f  the r esearch does not pr oduce a 
natural process for pol l u t i on control  thr ough management o f  natur a l  
sys tems , i t  wi l l  lead t o  a sear ch f o r  other methods o f  t r eatmen t .  

The proces s i s  one o f  act i on and interac t i on . Th i s  i s  suppor ted 
by Ja in ' s  obs erva t i ons l O tha t : 
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• Technology t rans fer o f  r esearch r esults is essen t i a l  i f  a 
mis s i on-o r ien ted r esea r ch organ ization i s  to be ef fec t i ve i n  
fu l f i l l ing i ts miss ion . 

• I t  mus t  be r ecogni zed that techno l ogy transfer may r equ i r e  
di rect output and/or compilat i on o f  s c i ent i f i c ,  eng ineer ing , o r  
const r ucti on techn iques . Technol ogy transfer may incl ude gu idance on 
plann ing and administrat ion , l egal aspects , and contract planning . I t  
may also r equ i r e  educa t i onal outputs t o  ach i eve des i r ed r es ul ts . 

• Ef fect ive technology trans fer incr eases user i nvolvement in the 
innova t i on process , and th is , in tur n , pos i t i vely a f fects res earch and 
development product i v i ty .  

• I ns t i tu t i onal and organ izational cons traints , a s  wel l  as 
improper pl ann ing for technology t rans fer , impede the process . 

• Technol ogy trans fe r techn iques and approaches can be devel oped 
to fac i l i tate the process . 

• Ther e  mus t be f l e xi b i l i ty in the sys tem to mak e  poss ible the 
use of  new or proven technology for purposes other than those intended 
in the or ig inal s c i ent i f i c  or enginee r ing inqu i ry ( known as •dual -use • 
technology ) and capabl e  of r espond ing to widely varying needs at 
d i f f e r en t  stages in development . 

I n  his  s tudy , Jainl O ci ted three general approaches used by 
indus t r ial r esearch organ izations to faci l i tate r esearch u t i l i z a t i on 
advoca ted by E .  B .  Roberts in •Generating Ef fec t i ve Corporate 
Innovat i on : • l l  They we r e :  

• Personnel approach--movement of people , joint teams , and 
intens ive person-to-pe r s on con tact . be tween the generator and user of  
resea r ch . 

• Orga n i z a t i onal l in k -pins appr oach --spec ial i zed t r ansfer gr oups 
that conta in eng ineer ing , mar keting , and f inancial ( to wh i ch could be 
added admin i s t rative , l ega l , pr o j ect planning , con tract wr i t ing , 
cons t ructor , env i r onmenta l , med i a , and educa t i ona l ) s k i l l s : use of 
integrators who act as th i rd-pa r ty t r an s fe r  coordinato r s : and new 
ventu r e  groups . 

• Procedu r a l  approach--j oint  planning , joint  fund ing , and  joint 
appr a i sal us ing r esearch and user  groups . 

In eva luating these approaches , Jain though t i t  impo r tan t to cons i de r  
also the appl i ca t i on o f  eng ineer ing advancements , cons truct i on 
techn iques , pr o j ect planning and admin i s tration , r eclamat ion , and 
educa t i on s ingly or as pa r t  of a jo int s tudy . The s tr ong personal 
contact and use of intermed iar ies s ugges t r api d d i ssemination and mo re 
complete unde r s tand ing of the technology , a l l ow ing proper appl i cat ion 
and s uccess ful  implemen ta t i on . 

Fu r the r  d iscu ss i on on the devel opmen t of technol ogy transfer 
sys tems i n  the federal  government as a whole and in the Bureau of 
Mines in par t i cular  is found in a compr ehen s i ve pape r  by Gerald 
Mc Lindon . l 2  
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4 . 2 . 2  The AM L  Technology Trans fer Pr ogram w i th in BOM 

The development of an AML techno l ogy tran s fe r  pr ogr am wi th in the 
Bur eau of Mines should include cons ider a t i on of the cur r ent program 
manage d by the Off i ce of Sur face Mining on abandoned mine lands and 
any in-house r esearch under way at the Eastern and Wes tern Tech n i ca l  
Centers that may b e  appl i cable t o  t h e  abandoned mine lands 
cons t r u c t i on program . The contract r esearch program conducted by th e  
Off i ce o f  Sur face Min i ng h a s  produced very few pub l i shed r esults 
because the program has only been in operat i on for two year s . 
Prov is ions should be made to incl ude the r es u l ts of these pr o jects in 
the bur eau ' s  technology trans fer system so the r esu l ts are made 
ava i lable to the user gr oups ; otherwi s e  thes e r es ul t s  co uld be los t . 

There are two ma j or users of AML technology trans fer : ( a ) the 
s tate min ing agenci es , and ( b )  the r eclamation con tracto r s . 

a .  State min ing agenc i es . The Bur eau of Mi nes has worked with 
the state min ing agenci es over  an extended pe r iod of t i me .  However ,  
the s tate AML programs are often separate from the s tate min ing 
depa r tments , and d i fferent pe rsonnel and sometimes d i f f e r en t  agenci es 
of s tate government are i nvolved . However , under AML Ti tle IV 
fund i ng , the state AML agenci es tak e  on the r ol e  of contracting 
agents , a role that r equ i r es in-depth knowledge of the reclama t i on 
proces s and development of new sk i l l s . As r egu lators ,  they a r e  in the 
pos i t i on of r ev i ew ing , approv ing , and oversee ing AML rec lamat ions . I n  
i mplementa t i on they ar e t h e  r esponsible agents for in i ti a l  sur veys of  
a var i ety of parameter s ;  and they are agents , if  not the actual 
pl anners , for the pr o j ect , pr epar ers of spec i f i ca t i on s , con tracting 
agents , and s uper v isors of the cons tr uct i on proces s . Th is enta i l s  
much mo r e  wor k  a n d  gr eater r es pon s ib i l i t i es than thos e of t h e  
regu lator as tradi t i onally v i ewed . 

Even when the r eclamat ion plan and pr ocess ar e · contr acted out to 
cons u l tants , agency pe rsonnel mus t  be s k i l led in every aspect of the 
�or k  in o r der  to  approve the procedu res and intended r es u l ts . Th is 
should enta i l  searches of l i teratu r e  and sur veys of other pro jects to 
be sure that the plan presented r epr es en ts the s tate of the a r t . To 
add to the complex i t i es of the operat i on ,  many c i v i l  and min ing 
engi neers ac t i ng as consultants may not be fully alert to 
env i r onmental concerns or  the es thet i cs of ea r thwork to ac compl i sh a 
blend ing of l and shapi ng into the sur round i ng lands cape . Engi neer ing 
solut i ons often s t r ess geome t r i c  des i gn , wh i ch produ ces ha r sh angular 
forms and d i tch - and sump- l i k e  conf i gu rat ion s  in what are i ntended to 
be s t reams , ponds , and we t lands . So in add i t i on to complete and 
thorough knowledge of the rec l amat i on pr ocess , the agen cy sta f f  may 
serve as mode rators of aesthe t i cs and natural forms , r equ i r ing 
extensive f i eld engi nee r ing . 

Frequently , the des ign engi nee rs pr epa r e  cos t -benefi t analyses of 
al ternate t reatments . The agency staff mus t  be suf f i c i ently informed 
of the f u l l  consequences of each pr ocedu re to select a cos t-e f fect i v e  
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pro ject .  As supervisors o f  cons t ruct i on ,  the agency r epr esenta t i ves 
mus t be able to d i s ce r n  depa r tu r es f r om cor r ect methods and r equ i r ed 
prac t i ces . 

The r e  is every ind i ca t i on that s ta f f s  of the state agenci es have 
not on ly ac commodated themselves to these added r espons ib i l i t i es , but 
have been innova tors of cos t-ef fect i ve and impr oved methods fo r 
reclama t i on .  The technology trans fer program mus t  recogn i ze the 
inhe r en t  sk i l l  of agency personnel and the need to suppo r t  each facet 
of the s tate agency ' s  r es pons ibi l i ty , wh i ch goes far beyond s imple 
trans fe r of new techno l ogy , reclamat i on pr ocesses , and equ ipmen t . 

b .  The reclamat i on cont ractor s .  The second pr imary user i s  the 
reclamat i on contractor . In mos t  instances th is w i l l  be engineer ing 
firms , earth-mov ing cont ractors , or in some ins tances , 
ope rators/owne rs of sma l l  mines . The engi nee r ing and ear th-mov ing 
contractors are cons ummate pract i t i oners i n  the sk i l ls o f  r eshaping 
the l and , and as such are v ita l to the r eclamat i on processes . 
However , many cont ractors are not ori ented to env i r onmental concerns . 
Even when s uch mat te r s  ar e wr itten into the contract , some a r e  not 
sk i l led in treat ing topso i ls d i f fe r ently from s ubso i l s , or have not 
had to i den t i fy pyr it i c  and tox i c  mater ia l s  and methods fo r put ting 
them in the proper place . They may be used to wor k ing wi th the 
harsher geomet r ic forms common on h ighways rather than con toured 
lands capes . Oft en they w i l l  over consol i date the recon toured s u r face , 
crea t i ng compac ted soi l s  unsu i table for seed beds . some may be 
unfam i l iar  w i th the mor e  str ingent speci f i cat i ons of AML reclamat i on . 

Cont ractors very often become the innovato rs when the sett i ng is  
r i gh t  and when the i r  k nowledge and exper i ence l end themse lves to the 
prob l em at hand . cur r ently ther e is no way to capi tal i z e  on these 
ideas , and very o ften innovat ion may be s t i fled by r i g i d  regula t i ons 
and contrac t i ng r equ i r ements . Th is pos s i b l e  area of c r ea t i v ity mus t 
be add r es sed and technology trans fer concepts appl ied . 

The s t r engths of the cont r actor ' s  exper ience can ensu r e  a s table 
reclama t i on ,  but the i r  lack of  knowled ge in ecological ar eas can cause 
break downs through phys i ochemica l and/or vege ta t i on f a i l u r es . Wh i le 
each pro ject solut i on is  s i te-spec i f i c ,  the state agency may be faced 
w i th a gener al prob l em of  educa t i on in  r ecl amat i on . The bur ea u  mus t 
have in place a system of technology transfer and informat i onal 
suppo r t to a i d  the state agency and the i r  con t r acto r s  thr ough th e 
ent i r e  reclamat i on process . 

Many r ec l amat i on pr ob l ems , such as eros i on cont r ol , topso il ing , 
so i l  amendments , seed bed preparat i on , and vege ta t i on have been 
resear ched , and prac t i ca l  appl i ca t i ons fa l l  w i th in the exper t i s e  of 
the county agent for the Agr icultural  cooperat ive Ex tens i on Serv i ce .  
The ex tens i on agent should be very fam i l iar wi th the so i l s  and 
vegetat ion of the county in wh i ch the pro ject is located . He 
possesses background and k nowl edge and is suppo r ted by experts who can 
make i nvaluable contr ibu t i ons to the reclama t i on pro j ect . The 
deta i l ed user contact afforded by the county ex ten s i on agency can mak e  
for an ef fect ive progr am of  t rans fer . Th is shou ld be recogn ized by 
those des igning the t r ansfer sys tem . 
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4 . 2 . 3  Sugges ted Channels for AM L  Technology Trans f e r  

The r e  ar e several avenues that t h e  Bur eau of Mines may fo l l ow  to 
ma ximize AML technology t rans fer . As pr ev ious ly descr i be d , the bureau 
has a very effective technol ogy tran s fe r  progr am in place , and i f  
cons i deration can be given to the AML problems , i t  is  poss ible to use 
the system to enhance the AML program qu ickly . The AML s tate agenci es 
have formed an organ i z a t i on ,  the Assoc i a t i on of Abandoned Mine Land 
Programs , and a r e  trying to accompl ish technology transfe r , they need 
to be ass i s ted and incorpor ated into the bur eau ' s  program . The 
Ame r ican SOci ety fo r Sur face Min i ng and Reclamat ion is acti v e  in 
research d isseminat ion and it  has es tabl i shed a permanent Reg is ter o f  
Research a n d  Demonstrat i on Areas o n  Sur face Mined Lands . The use of 
the Min ing and Mineral Resour ces Resea r ch I ns t i tutes ( MMRRI ) in the 
appropr iate sta tes would enhance the technology transfe r , and woul d 
pr ov ide another l ocal contact for the bur eau , and would help br ing th e 
AML s tate agency and the MMRRI closer together . The devel opment of a 
data base , or  the coordina t i on of the bur eau w i th e x i s t ing data bases , 
woul d enhance the t r ansfer of k nowledge and technology . The expans ion 
of pers onal contact w i th concepts such as the • one-s top serv i ce , • 
descr ibed bel ow ,  might be explored by the bur eau in i ts planning 
process for the AML technology trans fer program .  A sampl ing o f  
s ugges t i ons fo l l ows . 

Shar ing informa t i on across s ta tes : Sta tes ar e cu r r en tl y  
cooperat ing on a n  OSM/BOM-funded comp i l a t i on o f  s tate reclama t i on 
pro jects that may be cons i de r ed un ique or r epr es en t  s tate of the a r t  
reclama t i on techn iques . For several years the AML Reclama t i on 
Resea r ch Program Rev iew Panel commented that s ta te min ing agenci es had 
accompl i shed many un ique reclama t i on pro jects , but th is informa t i on 
was unk nown to mos t  profess i onals in the f i el d . Many pr ev ious 
proposals for r esearch ci ted a need for informa t i on on problems that 
had a l r eady been addr es sed i n  completed state r ecl amat ion pr o j ects . 
It  was apparent to the r ev i ew panel that much of the s tate of the a r t  
recl ama t i on wo r k  was be ing accompl i shed o n  s ta te pr o j ects , a n d  few 
peopl e knew about i t . 

The state of Montana , wor k ing w i th the Assoc i a t i on of Abandoned 
Mine Land Programs , has col lected from al l s ta t es reclama t i on pro ject 
abstrac ts on da ta fo rms that wi l l  be bound into har d  copy and also 
inse r ted into a tested , IBM -compat ible software package that sor ts by 
r eclamat ion problem type , equ ipmen t used , or  s tate involved . Th is 
ma ter ial  wil l pr ov ide informa t i on concern ing un ique r eclama t i on 
pro j ects a l r eady conducted . Since the i n fo rmation wi l l  conce r n  actua l 
cons t r uc t i on pro jects , i t  shou l d  be pa r t i cu l arly useful i n  the f ield . 

The mater ia l s  wi l l  be ava i l abl e in the f a l l  of 19 87 to a l l  s ta tes 
and federa l agen c i es tha t r equest the informat i on . The program shou l d  
b e  expanded t o  incl ude indus try and fede ral rec l amat i on pr o j ects not 
cur r ently incl uded in the compilat i on , and a method for fund ing and 
annual update of mater ia l s  should be adopted . 
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Shar ing information wi th indus try : Problems involved w i th act ive 
min ing are in many cases s imilar  to  those addr essed by AML r esearch , 
and v ice vers a .  Oppo r tun i t i es should be made ava ilable to sha r e  
results of  r esearch a n d  technology o r i g inat ing in act ive min ing with  
the res u l ts of AML resea r ch . several methods of shar ing between AML 
resea rch and  act ive min ing r esearch shou l d  be  encouraged , includ ing 
poss ible coope rat ive r es ea r ch pro j ects . 

Use of data bas es : Where there seems to be a need for r esearch o r  
engi neer ing advancemen t ,  t h e  pr oponent a n d  t h e  R& D agency mus t b e  able 
to sea r ch the f i l es , includ ing NTI S  and Federal Research i n  Progress 
( FEDR I P ) and s ta te counterpa r ts and gener ic center r efe r en ce 
fac i l i t i es to determine whether the wor k has been under taken or is i n  
prog r es s . For th is r eason , i t  is  impe r at i ve that thes e  depos i to r ies 
and da ta bases have complete account ing of a l l  work completed or in 
prog r es s . 

One-stop serv ice : To avo i d  del ayi ng r ecl amat ion ope r at i on s , an 
ef fect ive technology transfer program must feature rapi d r esponse . 
One method i s  to es tabl i sh a one -s top i n fo rmation network involv ing 
the BOM laborato r i es , poss ibly at one or more Mineral I ns t i tu t es , and 
at OSM Techn i ca l  Center s ,  where the users can acces s on- l i ne data 
bases to search for answers . Where f ield consul tat i on is a 
r equ i r ement , s ta f f  or l i s ted consu l tants f r om each of the 
organ izat i ons coul d  be on cal l for one day to two weeks in the f i e l d  
on a fee-for-serv ice bas is . Th is system is used very e f fecti vely by 
the u . s .  Army Corps of Eng ineers .  

The s tate AML agenci es need rapi d in fo rmat i on res ponses , and they 
need to el iminate dupl i cative r esearch . The ava i lab i l i ty of th i s  
one-s top networ k  wi l l  pr ov ide the u s e r  wi th t h e  mos t up-to -da te 
info rmat i on from the data bas es or a consul tant to address new 
prob lems not covered by pr ev i ous work . 

4 . 3 CONCLUS IONS AND RECOMMENDAT IONS 

Many technol ogy transfe r  systems a r e  ava i l ab l e  for AML use wi th in 
the Bu r eau of Mines to t rans fer k nowledge from r esearch labor a tor i es 
and cons t r uc t i on s i tes to new s i tes to accompl ish AML reclama t i on in a 
mo re cos t -e f fective and env i r onmental l y  sound manner . The following 
recommenda t i ons wi l l  help the bu r ea u  put in  place an effective  
technology t r ans fer program for AML r esearch . 

Recommendat i on 4 . 1 :  Ser ious cons i de rat ion should be g i ven to 
ass ign ing the AML technology t rans fer program to the Bur eau of Mines . 
The Bu r eau of Mines has a we l l -es tabl ished technol ogy t r ansfer 
program . I t  w i l l  r equ i r e  s pecial pl ann ing , but the AML technology 
trans fe r needs can be met by the bur eau ' s  cu r r ent pr ogr am by adding 
some new elements and iden t i fy ing new c l i entele . Thus , a l l  of the 
el ements of OSM ' s  AML technology t r ansfer act i v i t i es can be moved to 
the Bur eau of Mines for a compr ehens ive technology trans fer  program . 
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Recommendat i on 4 . 2 : I t  is r ecommended that the bureau es tabl ish a 
task for ce to def ine and address the abandoned mine land technology 
t r ansfer act i v i ty .  This task force should i den t i fy the needs o f  the 
AML technology t rans fer program and l ink as many of these needs as 
poss ible to other es tabl ished Bur eau o f  Mines technology t r ansfer 
programs . The bureau should cons ider includ ing an OSM repr es enta tive 
as a s tanding member of the task force . 

Other apsec ts of the probl em to be s tud ied by the task force 
should incl ude : 

• Data base development o f  bibl iograph ic l i s tings of min ing and 
mineral r esour ces as appl ied to abandoned mine lands . 

• Development o f  l inked ser ies of i n fo rmation ci rculars , r eports , 
and bibliograph i es categor ized by s ub ject . 

• continuat ion o f  joint fede ral and profess ional agency-sponsored 
seminars on abandoned mine land reclamat ion . 

• compi lation and rapi d distr ibution of technology f r om overseas . 

Recommendat ion 4 . 3 :  A universal data base o f  s tate AML pro jects 
s imi lar to the data base of s tate AML projects pr epared by the 
Abandoned Mine Reclamat i on Bur eau of Montana shou l d  be es tabl ished 
wi th in the Bureau of Mines technology trans fer program . It may be 
poss ibl e to incorpo rate this in the MRMI S  system and make i t ,  and a l l  
other informat ion not used f o r  internal management purposes , ava ilab l e  
t o  t h e  publ i c . 

Much of the r es earch car r ied out by state agenci es r epr es ents 
state-of -the-art reclamat i on pract i ce , but i t  is v ir tual ly unknown to 
other states or r esearchers . The committee r ecommends that the burea u  
u t i l i ze the Montana f i l e  and incorporate i t  w i t h  i ts own 
research-in-progres s  inde x .  The MRM IS , wh ich cur rently is used on ly 
for internal purposes , and conta i ns con f ident ial data , should be 
�edes igned fo r pub l i c  access .  The Mineral I ns t i tutes , s tate agenci es , 
s tate geolog i s ts , and Federal Library Depos i to r i es w i l l  bene f i t  from 
access to these sources . 

Recommenda t i on 4 . 4 :  The commi ttee r ecommends that the bur eau 
establ ish a • one-stop • informat ion ser v i ce capable o f  r esponding to 
quest i ons f r om s tate AML agenc i es , Mineral I nsti tu tes , contractors , 
and others . A roster of • one-s top • exper ts by d is cipl ine area woul d  
b e  compi l ed fo r each coal r eg i on , to incl ude bureau , laboratory , s tate 
agency , and univer s i ty personnel will ing to answer inqu i r i es o r  to 
meet in the office or f i e l d ,  pa i d  by the user where appropr iate . Th is 
employs a v i tal personal component of technology trans fer , one that 
has proven h ighly productive in other agenci es . 
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Recommendat i on 4 . 5 :  A Gener ic Technol ogy Research cen ter in Mining 
and Reclamat ion shou l d  be es tabl i shed at the ear l iest date , with 
a f f i l iate univers i t i es l ocated in those sta tes with maj o r  AML prob lem 
areas . The Sur face Min ing Control and Reclamat ion Act author ized the 
creat i on and par tial federal funding of s ta te Min ing and Mineral 
Resour ces Research Insti tutes , under the Gener ic Center Research 
Program . The concept of r es earch centers is wel l -es tabl ished , not 
only by the Stevenson-Wydl e r  Act and by other congr ess ional and 
execu t ive meas u r es , but also by the fact that BOM has already set up 
five gene r i c  centers . Greater bene f i t  cou ld be der ived from 
establ ishment of a Center for Reclamat ion . This would serve as a 
reference center , a depos i tor y ,  and d is t r ibu tor o f  information on 
reclamation prac ti ces . 

The selection of a gener ic r esearch center for r eclamat i on and 
aff i l iate univer s i t i es should follow the bur eau ' s  normal procedure . 
In this ins tance , cons i derat ion should be gi ven to proximity to areas 
of ma jor AML concent rations , and to the pres ence and qual i ty of 
suppo r t ing programs in min ing engineer ing , chemistry , geol ogy , civ il 
and mechan ical eng ineer ing , soil s ci ence , horticu l tur e , fores try , 
wi ldl i fe , agr icu l tu r e ,  and lands cape arch itectur e .  An Agr icu l tural 
Cooperative Serv i ce pr esence wou l d  be an advantage . The gener ic 
center should also be a des ignated Regi onal Federal Depos i tory Library 
Center . The center , w i th i ts a f f i l iated univer s i t i es ,  would also be 
useful as par t  of the one-s top network . 

Recommendation 4 . 6 :  It is recommended that the bureau host smal l 
profes s i onal seminars or conferences on info rmat i on disseminat i on and 
technology trans f er , par t icularly in the course of des igning the AML 
technologY trans fer program . These sess i ons would incl ude 
repres entatives of the bureau , OSM , and s tate agencies , edi tors o f  
min ing pub l i ca t i ons , and r epresenta t ives of t h e  Mineral Insti tutes and 
Gener ic Cen ter s ,  NTI S ,  and the Federal Laboratory Consortium .  Broad 
par ti cipat ion wi l l  a l l ow the input of a l l  fede ral and s ta te en t i ti es 
hav ing an interest in technology trans fer . Cur rentl y ,  some agencies 
that a r e  in p lace for the trans fer of technology are not be ing 
ut i l ized , and it is thought that a meet ing of interes ted people would 
enhance the des ign of the AML technol ogy transfe r  pr ogram . 

Recommendation 4 . 7 :  The commi t tee recommends that the Bur eau o f  
Mines incorpo rat e  t h e  r es u l ts of AM L  rec l amat ion pr ojects into 
technical gu i dance documents for use by agencies ,  mine operator s ,  and 
contractors . Some manuals have been produced by OSM for other parts 
of i ts program , and thes e have been used extens ively by coal min ing 
companies . It is appropr iate that this mechanism be u t i l i z ed for th is 
new cl i entele .  These documents woul d  s ummar ize cons truction prac ti ces 
that have been used in other a r ea s .  
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Appendi x  A 

SECTIONS 4 0 1  AND 40 3 
OF TITLE IV OF THE 

SURFACE MINING CONTROL AND RECLAMATION ACT OF 1 9 7 7  
( PL 9 5 -8 7 ) 

91 STAT. 456 

Federal ud State 
ahudoned mille 
redamatiou 
fwlda. 
30 usc 1231. 

Depotita. 

Rec:lamatiou r-. 

Uter ebargea. 

Doaatiou. 

PUBUC LAW 95-87-AUG. 3, 1977 

TITLE IV-ABANDONED MINE RECLAMATION 

ABANDONED KINE RECLAXATION FUND AND PURPOSES 

SEC. 401. (a)  There is creat�d on the books of the Treasury of the 
United States a trust fund to be known as the Abandoned Mme Rec­
lamation Fund ( hereinafter l'f'ferred to as the "fund") which shall be 
administered by the Secretary of the Interior. State abandoned mine 
reclamation funds ( State funds) generated by grants from this title 
shall be established by each State pursuant to an approved State 
program. 

(b) The fund shall consist of amounts deposited in the fund, from 
time to tjme derived from-

( 1 )  the reclamation fees levied under section 402 of this Act : 
PrO'Vided, That an amount not to exceed 10 per centum of such 
reclamation fees collected for any calendar quarter shall be 
re&er\"ed be�inning in the first calendar year in which the fee is 
imposed and continuing for the remainder of that fiscal year and 
for the period in which such fee is im� by law, for the purpose 
of section 507 ( c ) ,  subject to appropriation pursuant to authoriza­
tion under section 712 : Provided further, That not more than 
$10,000,000 shall be a\"ailable for such purposes ; 

(2) any user charge imposed on or for land reclaimed pursuant 
to this title, after expenditures for maintenance have been 
deducted ; 

( 3) donations by persons, corporations, associations, and foun­
dations for the purposes of thiS title ; and 

7 1  
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PUBUC LAW 95-87-AUG. 3, 1977 

( 4) recovered moneys as provided for in this title. 
(e) Moneys in the fund may be used for the following purpoees : 

( 1) reclamation and restoration of land and water resources 
adversely affected by past coal mining, including but not limited 
to reclamation and restoration of abandoned surface mine areas, 
abandoned coal �rocessing areas, and abandoned coal refuse dis­
�1 areas; seahng and filling abandoned deep mine entries and 
voids ; planting of land adversely afl'ected b1 past coal mining to 
prevent erosion and sedimentation ; prevention, abatement, treat­
ment, and control of water pollution created by coal mine drain­
age including restoration of stream beds, and construction and 
operation of water treatment plants ; rrevention, abatement, and 
control of burning coal refuse disposa areas and burning coal in 
situ ; and prevention, abatement, and control of coal mine 
subsidence ; 

(2) for use under section 406, by the Secretary of Agriculture, 
of up to one-fifth of the money deposited in the funds annually 
and transfei-red by the Secretary of the Interior to the Secretary 
of Agriculture for such purposes ; 

(3) acquisition and filling of voids and sealing of tunnels, 
shafts, and entryways under section 409 ; 

( 4) acquisition of land as provided for in this title ; 
( 6) enforcement and collechon.of the reclamation fee provided 

for in section 402 of this title: 
( 6) studies by the Department of the ln�rior by C".Ontract "to 

such extent or in such amounts as are provided in app.ropriation 
Acts with public and private orp.nizations to provtde informa­
tion, advice, and technical asststance, including research and 
demonstration projects, conducted for the purposes of this title ; 

(7) restoration, reclamation, abatement, control, or prevention 
of adverse efl'ects of coal mining which constitutes an emergency 
as �rovided for in this title ; 

(8) grants to the States to accomplish the purpoees of this title ; 
(9) administrative expenses of the Umted States and each 

State to accomplish the purposes of this title ; and 
(10) all other necessary expenses to accomplish the purpoees of 

this title. 
(d) Moneys from the fund shall be available for the purJ>OI!e& of this 

title, only when appropriated therefor, and such appropriations shall 
be made without fiscal year limitations. 

91 STAT. 457 
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PUBUC LAW 95-87-AUG. 3, 1977 91 STAT. 459 

OBJECTIVP.S 01' FUND 

Sl!lC. 403. Expenditure of moneys from the fund on lands and water 
eligible pursuant to section 404 for the purposes of this title shall reflect 
the following priorities in the order stated : 

( 1 )  the protection of public health, safety, gt-neral welfare, and 
property from extreme danger of adverse eft'ects of coal mining 
practices ; 

(2) the protection of public health, safety, and general welfare 
from adverse effects of coal mining practices ; 

(8) the restoration of land and water resources and the 
environment �reviously degraded by adverse elects of coal min­
ing practices mcluding measures for the conservation and devel­
opment of soil, water \excluding channelization) , woodland, fish 
and wildlife, recreation resources, and agricultural productivity. 

<•> research and demonstration l>rojects relating to the devel­
opment of surface mining reclamation and water quality control 
program methods and tecliniques; 

( �) the protection, repair, replacement, construction, or 
enhancement of public facilities such as utilities, roads, recreation, 
and conservation facilities adversely affected by coal mining 
practices; · 

(6) the development of publicly owned land adversely affected 
by coal mining practices including land acquired as provided in 
this title for recreation and historic purposes, conservation, and 
reclamation purposes and open space benefit& 
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Dear 

Appendi x  B 

I NQUIRIES DI STRIBUTED TO ELICIT V I EWS 
OF AML RESEARCH PRIORIT I ES 

United· States Department of the I nterior 

BUREAU OF M I NES 
2401 E STREET. NW. 

WASH INGTON. D.C. 2024 1 

llarcb 23 , 1917 

On behalf of the Bureau of Kinea , I would l ike to thank you very much for 
the t ime you apent aa a member of the AKL aec lamation aeaearcb Program 
aeviev Pane l . The higb quality and profeaa ionaliam of the Panel 
memberahip vaa evident throughout tbe meeting . 

Aa you may recal l , the detailed agenda handed out at the meeting included 
diacuaa ion and review topica that vere to be addreaaed , tiae permitting . 
Aa the achedule developed tovarda the end of the aecond day , there vaa not 
adequate tiae to addreaa the topica . Therefore , I am nov aaking you for 
your comment• on the fol lowing topica by mai l :  1) preaent rating criteria 
and review procedurea ;  2) re search needs as a e s sment (us ing attached l ist) ; 
3) suggeated language for tbe FY II CID Announcement , streas ing prior ity 
areas ; 4) future funding leve l s ; and S) technology tranafer . 

I would apprec iate heving any recommendations and or comaenta by Friday , 
Apr il 10 , 1917 . Ve need the Panel ' a  recommendations for FY II program 
planning , which ia already we ll underway . 

S incerely , 

Allen Perry 
Divis ion of Mining Technology 

Enc losure 
Ident ical Le tters sent to : see attached liat 
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AXL RZCLAMATIOH RESEARCH SUBJECT AREAS 

AML RISOORCI EVALUATIONS 

LANDSLIDES 

MIMI: PIUS 

MIME OPENINGS 
SHAFT PILLING ' SEALING 
AOIT ' PORTAL SEALING 

MIMI: WAS'l'ZS 

R!:MO'l'B SDS IMG 

REVEGETATION 

SLOPE STABILITY 
HIGHWALLS 
Ul'USE PILES 

SUBS IDEHCI 
PREDICTION 
CONTROL 
VOID FILLING 

TOPSOI LIHG 

TOXIC SOILS 

UNDERGROUND VOID DETECTION 

WATER QUALITY 
AMD 
COAL MIME LAI<ES 
SUSPENDED ' DIS SOLVED SOLIDS 
TRACE ELEMENTS 

OTHERS z 
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NATIONAL RESEARCH COUNCIL 
COMMISSION ON PHYSICAL SOENCES, MATHEMATICS, AND RESOURCES 

2101 Cnnotitullon Av�nu� �ahln�tnn. D.C. 20418 

.. IHDAL 6 IIHIIIICY aaonca 

---- ' 1987 

( address ) .  

Dear 

You may be aware that Congress statutorily transferred the 
Abandoned Mine Research and demonstration program from the Office 
of Surface Mining to the Bureau of Mines . At the request of the . 
Bureau of Mines , the National Research Counci l  has recently 
established a study Committee on Abandoned Mine Lands Research 
Priorities . As a member of that Committee , I am asking : you to 
take several minutes to provide your expert advice on the 
priorities and issues that the Committee is addressing . 

The Committee ' s  charge is to develop recommendations on 
research priorities and criteria for evaluation of research 
proposals dealing with the reclamation of abandoned coal mine 
lands . In addition , the study should develop recommendations 
regarding the effectiveness of corresponding technology transfer . 

Rather than trying to develop a questionnaire , we wish to ask 
you two questions which we hope will focus your perceptions about 
important Abandoned Mine Research : 

1 .  Using the attached list of AML Reclamation Research 
Subj ect Areas , choose the three highest priorities for 
AML reclamation research in your region . If you feel a 
subject area not on this list should be included , please 
so indicate in your list of three . 

2 .  Considering that approximately $ 2 million will be 
available annually for this purpose , please outline among 
the three subj ect areas chosen , the most challenging , 
intractable and promising research problems remaining to 
be solved which are most likely to have a high return on 
investment . 

I appreciate your time in giving the Committee the benefit of 
your professional opinion . 

Encl . 

Sincerely , 

Kenneth N .  Weaver , Chai rman 
Committee on Abandoned Mine 

Lands Research Priorities 

Tlll' N11fl0rtlll «<lt�lrtll C011rtnl ft tltt pnrtnp•l oprr•tn•t •tt"lf(V of tltt H111101flll Ac•4r"'y of Sn'r,.cts """ tltr N•tto,.•l Ac•••y of [Nttrtunllt 
lo ''"'" I"""""''"' 11114 ollttr orttiNIUhnrtJ 
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AML RECLAMATION RESEARCH SUBJECT AREAS 

AML RESOURCE EVALUATIONS 

LANDSLIDES 

MINE FIRES 

MINE OPENINGS 
SHAFT FILLING & SEALING 
ADIT & PORTAL SEALING 

MINE WASTES 

REVEGETATION 

SLOPE STABILITY 
HIGHWALLS 
REFUSE PILES 

SUBSIDENCE 
PREDICTION 
CONTROL 
VOID FILLING 
UNDERGROUND VOID DETECTION 

TOPSOILING 

TOXIC SOILS 

WATER QUALITY 
AMD 
COAL MINE LAKES 
SUSPENDED & DISSOLVED SOLIDS 
TRACE ELEMENTS 

OTHERS : 

Copyright © National Academy of Sciences. All rights reserved.

Setting Priorities for Abandoned Mine Land Research
http://www.nap.edu/catalog.php?record_id=18916

http://www.nap.edu/catalog.php?record_id=18916


Append i x  c 

EXCERPTS PROM RESPONSES TO I NQUIRI ES 
AS TO WHAT ARE VIEWED AS THE 

H I GHEST-PRIORI TY AML RESEARCH NEEDS 

WATER QUALI TY 

I n  Alabama , the mos t  c r i t ica l a r eas of conce rn rega rding abandoned 
mines are those relat ing to s u r face wate r .  Within this  broad 
catego r y ,  s t r eam s i l ta t ion and ac i d  mine d r a i nage a r e  two a r ea s  that 
deserve spec ial attent i on , s ince they not only are inter related but 
also are probably controll ing fac to rs wi th r espec t to d issolved sol i d s  
and t race el ements . 

Resea r ch is needed to def ine the extent of the s i l ta t ion problem 
a nd to ident ify , in spec i f ic a reas , the exact ef fec ts on aquatic and 
ter res t r ial  plants and animals . Possibly the mos t  chal l eng ing but 
poten t i al ly mos t  reward ing area for resea r ch wou ld be in the area of 
m i t i gat ion of the effects of si l ta t ion and ac i d  mine drainage . What 
cos t-ef fect i ve measures can be taken to improve , if not completely 
resto r e ,  a sur face mine damaged s t r eam ? ( State Geolog i s t , eas t ) 

Long -term moni to r ing of groundwater qua l i ty a nd water l evel i s  
needed to select signi f i cant chemi cal parameters and formulate 
ef fect i ve g r oundwater mon i tor ing s trateg i es at abandoned mine s i tes . 
The res u l ts wi l l  also aid  in the des ign of env i r onmenta l l y  sound 
impoundments and groundwater resto r a t i on plans . These studies shou l d  
i�clude ana lys i s  of the ex tens i ve da ta a l ready ava i l able i n  our 
f i les . ( Mi ne r a l  Ins t i tute , midwes t )  

Prel iminary data f rom • • • va r ious geolog i c/geochemical sett ings 
in No rth Dakota s uggest that rec lama t i on of � s i tes wi l l  resu l t  i n  
seve re degrada t i on o f  groundwater qual i ty and d imini shed plant 
growth . ( Mine r a l  Ins t i tute , wes t ) 

Ac i d  mine dra inage ( AMD )  would be the mos t intrac table problem . 
The compl exity of the AMD probl em ind i cates that a nat i onal 
clas s i f i cat ion system for AMD would be use ful  for the prac t i t i one r . 
Some AMD is t reatabl e w i th cur rent technology , wh i l e  other d i scha rges 
have no prac tical  t reatmen t opt ions . Match ing AMD charac te r i s t i cs 
w i th t reatment opt ions is  a reasonable ob j e c t i ve . ( Ame r i can Soc i e ty 
for su r face Min ing and Reclamat ion ) 
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[ P rocesses a n d  technolog i es ] ava i l able for col lection and 
treatment of � • • • requ i r e cont i nuous ope rat ion and ma i ntenance 
wel l beyond the scope of the AML program . ( Suggested resea rch into 
ar t i f i c i a l  we t lands ) ( S tate AML of f i c ial , eas t ) 

�: Ef fects on l ong-term water qua l i ty of h i gh rates of l ime a t  
the sur face and/or inco rpo rated into t h e  sur face o f  mine spoi l .  

Ef fect on l ong-term water qua l i ty of the in j ec t ion of chemical 
neut r a l i zers into i n -place surface mine spoi l s .  ( Indus try , east ) 

Abandoned l ign ite mines : • • • •  the high permeab i l i t i es of 
unconsol i da ted sandy aqu i fe rs cr eate the potential  for con tamination 
of water resou r ces by ma jor ions and tox ic me tals con ta i ned in  spo i l s  
from abandoned l igni te and uran i um mines • • •  w e  the refore rank water 
qual i ty i s s ues h igh above other s ub j ect areas • • • • Dissolved 
sol i ds and t race elemen ts in gr ound wa ters and ac i d  mine d rainage ( ar e  
impo r tant issues ) ,  especi al ly wi th rega rd t o  the aci d-gene rat ing 
capac i ty of l igni te mine spo i l s  • • •  we feel that l ong-term 
(mu l t iyea r ) mon i to r ing of groundwater qua l i ty and water levels shou l d  
be co upled wi th solute transpo r t  model ing i n  these complex , 
hete rogeneous aqu i fers . •  ( State Geolog i s t , midwes t ) 

Find i ng alterna t i ves to pe rpetual treatmen t is a mus t . •we also 
need a l t e rnat i ves to chemical treatmen t .  Resea rch shou ld add ress 
trace elements as we l l  as neut ra l i za t i on as par t  of the min ing and 
reclama t i on operation--pr event i on ve rsus treatment . • ( Industry,  eas t ) 

Treatment of AMD by natu ral o r  man-made wetlands is another area 
of research that nee ds cont inued suppor t .  Treat ing AMD by a natural ,  
sel f -pe rpetua t i ng , ecolog i ca l ly stable sys tem is cos t-effec t i ve and 
envi ronmental ly sound , in contrast to perpetual t reatment . ( Ame r i can 
Soc i ety for Su r face Min i ng and Reclamat ion , eas t ) 

The mos t  promi s ing ( water qual i ty )  r esea rch wou ld combine 
long -term ( mu l t iyear ) mon i tor ing of groundwa ter qual i ty and wa ter 
leve l s  w i t h  solute t r anspor t model ing in these complex , hete rogeneous 
aqu i fe r s . ( Mineral Ins t i tute , mi dwes t )  ( Tex . ) 

Many t reatmen t ( abatemen t ) techniques have been developed • • •  

However , a great unk nown pa ramete r  exists  between the po int of 
appl i ca t i on ( gene ral ly near  s u r face ) and the area of d ischarge ( the 
seep o r  out f low ) . Th i s  unknown is wi thin the gr oundwater reg i me of 
the mine and pl ays an e x t r eme ly impo r tant role in the success or 
fa i l u r e  of a t reatment . ( Ame r ican soci ety for Su rface Mining and 
Recl ama t i on ) 

Wh i le ar t i f i c ial  we t lands have proven to be effec t i ve in a l i m i ted 
numbe r of demons t rations s uch as TVA ' s ,  the re cont inue to be some 
ques t ions tha t  need to be answe red bef o r e  th is approach rece i ves 
indu s t ry-wide and regulatory acceptance . ( TVA ) 
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Emphas i s  shou ld b e  placed o n  pass i ve ( i . e . , bogs ) t reatment . 
( Sta te AML o f f i c i a l , east ) 

As sessmen t of impac t of vegetat ion on ac i d  mine d r a inage . The use 
of bogs to t reat acid m i ne dra inage has been i n i t iated at numerous 
s i tes , but quant i f i ca t i on of the ac t i ve pr inciples has not been 
pu r s ued . ( Ame r i can Soc i ety for Sur face Min ing and Rec l amat ion , wes t ) 

SUBS I DENCE 

Research into underground void detec t ion and subs idence pred i c t ion 
u s i ng remote sens ing methods may prove to be the mos t  v iabl e approach 
to t h i s  problem .  ( State Geolog i s t , east ) 

Many of the mine maps are inaccu rate or incomplete , and thus i t  i s  
of t en a probl em f ind ing the actua l underground voids . Methods of 
handl i ng voi d  f i l l ing are obv iously of much interes t . ( State 
Geolog i s t , wes t ) 

A. compi le a comprehens i ve data base of subs i dence-r elated 
informat ion . 

B .  Ident i fy ,  locate geograph i cally , inven tory , and computer i ze for 
easy ret r i eval old  underground mine maps . 

c .  create subs i dence pred i c t i on model s  fo r spec i f i c  coal producing 
f i e lds . ( State Geolog i s t , eas t ) 

Hyd rology prob l ems assoc i a ted wi th subs i dence should be addr essed 
by the Bu reau . Land owners cont i nue to conce rn themsel ves wi th 
hydrology probl ems and , in many ins tances , blame min ing act i v i t i es fo r 
the i r  water probl ems . Potential  l ong -term impac ts on hydrology ,  
res u l t ing f r om subs i dence , mus t  be i den t i f i ed and quan t i f i ed .  
( Indus try , eas t ) 

MINE WASTE 

A s i gn i f i cant port ion of our AML ef forts in Kentucky is d i rected 
towa r d  reclamat ion of abandoned coal was te a r eas , both coa rse refuse 
and s l u r ry impoundments • • • • There has • • • been s igni f i cant 
interes t  in r eprocessing many of thes e  coal was te areas to recover 
r ema i n ing coa l • • • I f  pr i vate enterpr i se can be encou raged to 
r eprocess and inci denta lly reclaim coal was te areas , ther e  wi l l  be 
s ign i f i cant sav ings to the state AML programs and otherwi se wasted 
energy resour ces wi l l  be recove red . ( Ins t i tu t i onal incent i ves and new 
techno l og i es were noted . )  ( State AML of f i cial , east ) 

Th is r esea r ch could also look into techn iques that ex t r ac t  
va luable by-produc ts and leave nontox i c  res idues . ( State Geolog i s t , 
wes t ) 
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( Hi ghest -pr i o r ity r esearch area : )  
Charac te r iz a t ion of  r ef use or gob pi les fo r potential  rem i n i ng .  
A .  Area l  extent and thickness of the m i ne waste mate r i a l s . 
B .  coal conten t , qual i ty ,  and s t r at i f i ca t i on of the waste 

mate r i a l s . 
c .  Geochemica l cha rac te r is t ics of the mine wa ste mater ia l s . 
D .  Dete rminat ion of slope stab i l i ty of mine waste mate r i a l s  

( pa r t i cu l a r ly in a r eas of contou r surface min i ng ) .  ( State Geol og i s t , 
eas t ) 

A character izat ion study of wa stes as to mineral content , 
comme r c i a l  va lue , and hazard potent ial i s  needed • • •  to address th e  
appl i cabi l i ty o f  the var ious handl i ng methods . For example , the state 
of Utah r equ i res the m i x ing of refuse wi th soi l in a 1 : 1  ratio to 
reduce the spontaneous combu s t i on poten t ial . I t  is unknown whether 
this act ion is  suf f i c i ent o r  i nsuf f i ci ent , or even j us t i f ied . Any 
work into ques t ions concern ing prope r waste t r ea tment and use could  
have far -reach ing benef i ts g i ven the  vast  amount of  t h i s  mater ial . 
( Mineral I ns t i tute , west ) 

A large amount of the AML con trac t  mon i es spen t in th is reg i on i s  
appl ied t o  refuse p i l es , a n d  unfor tunately w e  know very l i ttle  about 
bas i c  r ef use prope r t i es and var iabi l i ty .  Fo r example , we r ea l ly have 
no i dea of just how much tops o i l  is requ i red to es tabl ish  pe rmanent 
vege tat i on ove r  tox i c  was te mater i a l s , and a la rge amount of the money 
invo lved in  the AML contrac ts in  this  area is  spent on isolat ing , 
haul ing , and g rad ing topso i l  cove r mate r ia l s . We also k now that i t  i s  
pos s ible t o  r evege tate many waste pi l es wi thout a topsoi l cover  ( wh i ch 
could  save large amounts of AML mon i es ) bu t th is s t r ategy is seldom i f  
ever empl oyed because o f  the lack o f  s upport ing r esearch data . 
( Ame r ican soc i ety fo r Su r face Mining and Reclamat ion , eas t ) 

We also need r esearch into whether or not a mine was te i s  toxi c ,  
the reby pe rhaps reduc i ng the abatemen t measu res that a r e  needed , i . e . , 
there are mine wastes that need l i t tle or no precaut i ons i n  the i r  
recl ama t i on .  ( S tate Geolog i s t ,  wes t ) 

• • •  I ' d  suggest tha t some of the ava i lable dol lars be focused on 
resou r ce recovery f r om m i n i ng wastes . Mos t  s tates have adequate laws 
in place to ensu r e  prope r  d i sposal of wa s tes res ul t i ng f r om new mining 
ope ra t i ons . I f  va l ues cou ld be ident i f i ed o r  developed from exist ing 
wastes , we could have an incent i ve to remine or  r eprocess and prope r ly 
d i spose of new waste . ( Mineral Ins t i tute , west ) 

Ou r problems in the Southwest  a r e  the stab i l i za t i on and 
r evegetat i on of abandoned mine waste and ta i l ings . ( Ame r i can Soc iety 
for Su r face Min i ng and Reclamat ion , wes t ) 

Copyright © National Academy of Sciences. All rights reserved.

Setting Priorities for Abandoned Mine Land Research
http://www.nap.edu/catalog.php?record_id=18916

http://www.nap.edu/catalog.php?record_id=18916


8 2  

REVEGETATION 

( Use of ) tox i c  spoi l s  or refuse • • •  shou ld promise tangible 
benef i ts in a relat i vely sho rt t ime f r ame .  The problem is acute in  
reg i ons where the quan t i ty and qual ity of tops o i l  i s  l imi ted or 
none x i stent . Inorganic and orga n i c  amendments prov ide a prac t i ca l  
subs t i tute f o r  topsoi l • • • • I norgan i cs wou ld include fly ash , 
bottom ash , l i me used in  f lu i d  bed combu s t i on , etc . Organics would 
incl ude res i dues f r om process ing agr icul tural and forest products , 
composted mun i c ipal was te , sewage s l udge , et c .  Lists of approved 
mate r i al s  shoul d  be pr epa red and t reatment opt i ons ident i f ied . 
( Ame r ican Soc i ety fo r Su r face Min ing and Reclamat ion ) 

By far the mos t  impo r tant is r esearch rel ated to the 
reestabl ishment of favo rable root zone hyd r olog i c  prope r t i es and 
groundwater aqu i fers . Pa r t i cular attent ion must be pai d  to the 
i n i t i al l evels of soluble salts and to changes in solub l e  sal t level s 
with t ime . Second , many of our AML spo i l s  are h i ghly sod i c  and wi l l  
not suppo r t  apprec iab l e  plant growth . Some innovat i ve and 
cos t -ef fect ive procedures need to be developed us ing amendments and 
ava i l able less sod i c  spo i l  mater ia l s  to reestabl i sh a vegetat i ve cove r 
that wi l l  adequately control losses by eros i on . Th i r d ,  even on 
relat i vely nonsodic spoi l s , r evegetat ion i s  f r equently less than 
adequate . Much of thi s ,  I bel i eve , i s  due to poor hydrologic facto r s  
in  t h e  root zone . Some add i t ional resea r ch is needed t o  develop 
methods for revege tat ing and s tabi l i z i ng these areas . ( Ame r i can 
Soc i ety for Su r face Min i ng and Reclamat i on , wes t ) 

A c r i t i cal probl em to r eso lve i s  the need to develop methods to 
bu i ld a better root zone . Mos t r eclama t i on ef forts neut ral i z e  ac i d i c  
refuse ( gob and slur ry ) ,  then cover i t  w i th tops o i l  t o  bui ld a root 
zone fo r revegeta t i on .  The effects o f  the var ious neut ral i z ing agents 
need to be i nves t i gated and eva luated . Pos t -neu tral i z a t i on 
ac � d i f i ca t i on has occu r red , and stu d i es should be under tak en to 
document the cond i t i ons under wh ich it occurs . ( Na t i onal Laboratory , 
midwe s t ) 

Use of f ly ash , f lu i d i zed bed combus t i on was tes , pulpmi l l  was tes , 
or other was t e  mate r ia l s  as a s o i l  amendment or mul ch ing med i um shou l d  
b e  eva luated and demons tr ated . ( TVA )  

Inc reased research effor ts must be made i n  the area of  
r ef o r es ta t i on of mine l ands . Pa r t i cu l a r ly , coal ope rato r s  mus t be 
a l l owed to recla im wi th trees on spo i led mater ials  rather than hav ing 
to establ i sh t r ee g rowth on compac ted topso i l . ( Indus try , eas t ) 

Focus ing upon t iming and phased plant ing ( of r evegeta t i on ) has 
pot ent ial . Many pr o jects • • •  try to es tabl i sh all the plant spec i es 
at one t ime even though they may compete or  be bet ter s u i ted for late r 
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int roduct i on . Phas ing is a topic that shou ld b e  more thoroughly 
explored , as any a i d  to r evegetat i on in ar id r eg i ons wi l l  be wel comed 
by ope rator s .  ( Mineral  I ns t i tute , wes t ) 

Wh i l e  revegetat i on may appea r  hea l thy in the f i rst few yea r s  
fo l l ow ing plant ing , the l ong-term measure of reclamat i on success is 1 0  
t o  1 5  years o f  susta ined yield . ( Na t i onal Laboratory , midwes t ) 

SLOPE STAB I L I TY 

Pred i c t i ons to i dent i fy r i s k  areas p r i o r  to AML t r eatmen t and 
guidel ines to pr event instab i l i ty du r ing and after  treatment ar e 
requ i r ed on contour mines in moun ta inous ter rain . 

Once a slope has fai led , two impor tant r esearch areas a r e : ( 1 )  
Predict ions to determine i f  by natu ral events the slope is stable and 
no t reatment is  necessa ry . If it is  uns table , a pred i c t i on of the 
degree of r i s k  it r epr esen ts is necessa ry . ( 2 )  Devel opment of 
treatment opt i ons for sl ope fa i lu r es that are cons i dered uns table . 
( Amer ican SOci ety for Su r face Min i ng and Reclamat ion ) 

Ou r ear l i er wor k  ( on sl ope s tabi l i ty ) showed that some problems 
could be moderated by creating ponds or oth e r  land fo rms in the 
reclamat ion a rea , but such techn iques are not now al lowed . We need 
v i able a l ternat i ves to some cu r ren t  reclamat ion pr ocedu r es . ( U . S .  
Fo r est Service ) 
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Append i x  D 

I NSTRUCTIONS 
FOR 

AML RESEARCH PROPOSAL PREPARATION 

I .  The Resear ch Proposal Submis s ion cover Sheet 

I t em 1 - State the abandoned mined land problem addressed by th e 
proposal ( mine f i r es ,  s ubs i dence , water qual i ty ,  waste 
p i l es , tox i c  so i l s , slope s tab i l i ty ,  mi ne openings , 
sur face min i ng ,  s uba r c t i c  reclamat ion , or  mul t i ple 
appl i ca t i ons ) .  

I tem 2 - B r i ef ly desc r ibe the speci f i c  problem addr es sed by the 
proposal .  

I t em 3 - Br i e f ly descr ibe the proposed sol u t i on . 

I tem 4 - Sel ec t  a short t i tle that adequately des cr ibes the wo r k  
and d i f f e r en t iates i t  from s i l imlar studies . 

Item 5 - Give the name , address , and phone number of the 
propos ing organ i z a t i on . 

I tem 6 - Give the pr inc ipal i nves t igato r ' s  name , bus i nes s 
add ress , and phone number . 

I t em 7 - State the expected dur at i on of the wor k  i n  terms of th e 
number of months between the contract awa r d  date and 
s ubm i s s i on of f inal r epor t  ( max imum 36 months ) .  

I t em 8 - Sta te the tota l reques ted fede ral fun d i ng includ i ng 
funds for s ubcontracts ( ma x imum $250,000 ) .  Also 
ind icate cos t  shar ing , if any . 

I I .  At tachments 

1 .  Di r ectly fo l l owing the cover sheet pr ov ide a one page , s ingle 
s paced abs t ract and just i f i cat i on of your  proposal ( At tachment A ) . 
The j us t i f i ca t i on should incl ude a descr ipt i on of how the pr oposed 
wor k  d i f fers from or supplemen ts s i mi l a r  pr ev ious or ongo ing s tud i es . 
I t  should also state ( assuming a succes sful  effort ) techno logy 
t r ans fer poten t i a l , i . e .  what the usabl e product or  bene f i t  wi l l  be t o  
those do i ng abandoned mined land reclamat ion wo r k , pa r t i c u l a r ly i n  
other a r eas o f  the u.s. 
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8 5  

_RESEARCH PROPOSAL SUBMISS ION COVER SHEET 

1 . AML Probl em Type : ____________________________________________ ___ 

2 .  Problem De f i n i t i on :  ----------------------------------------------

3 .  Proposed Resea r ch Sol u t i on : --------------------------------------

4 . Proposed Pro ject Ti t l e : ________________________________________ ___ 

s .  Pr opos ing Organ i z a t i on : 
( Name , Add r es s , Phone No . )  

6 .  Pr incipal I nves t igator : ________________________________________ ___ 

1 .  Durat ion : --------------------------------------------------------

8 .  Fund ing :---------------------------------------------------------

Attachments 

A. Abs tract and just i f i cation .  
B .  Detai led proposal . 
c .  Proposed r esea rcher ' s  backgr ound and exper ience . 
D . Proposed r esear cher ' s  related ac compl i shments and publ ications . 
E .  De ta i l ed schedu l e . 
F .  De ta i l ed budget on standard form pr i c i ng sh eet . 
G .  Represen ta t i ons a n d  Cert i f i cat ions . 
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1. Attachments B,  c ,  and· D to the cover sheet sheel total no mo r e  
than 25 pages . At tachments B and E shal l be typed double spaced . 
Attachments c and D may be s ingle spaced . Al l pages of  proposals  
shoul d  be  8 112 • x 11 • and of a standard format such that they may be  
photocopi ed . 

2 .  Proposal s  should add ress only abandoned coal mined land 
issues . They may relate to the reclamation and con trol of su rface o r  
unde rground min ing o r  coal process ing problems and thei r ef fects . 
These include but are not necessa r i ly l imi ted to subs idence , mine 
f i r es ,  water qual i ty ,  lands l i des , min ing and processing was tes , and 
haza rdous mine open ings . Proposals for resea rch on act i ve min ing 
problems wi l l  not be accepted fo r funding . Abandoned sur face mine 
revegetat i on research proposals for FY 8 7  must be address AML 
reclama t i on in subarctic  areas or  tox i c  so i l s  in a r id areas . 

3 .  Proposal s mu st include an i temi zed budget and deta i led 
schedu l e .  The schedu le mus t  be no mo re than 36  months and should be 
gi ven by approx imate du rat i on of tas k s . The budge t , At tachment F,  
should be g i ven on the at tached Gove rnment P r i c i ng Fo rm . Al l proposal 
budge ts mus t  have a prov i s i on for producing and s ubmi tt ing to the 
Off i ce of Surface Min ing , f i ve copi es of monthly or qua r te r ly 
techn ica l  and f i nanc ial  reports and 5 copi es and a reproducible maste r 
of  the f i nal pro ject repo r t . Budgets are l i m i ted to a max imum of" 
$250,000 ove r the durat i on of a pro j ect . 

4 .  Subm i t  3 s i gned copi es of the Repr esentat i ons and 
ce r t i f i cat ions ( At tachment G ) . 

I I I . General Gu i del ines 

A set of rev i ew procedu r es and instruc t i ons is be ing prov ided as 
backg r ound informat i on . Va luable i ns i gh ts can be ga i ned from a review 
of  . these mat e r i a l s  wh ich indicate how proposals wi l l  be eva luated . 
The proposal eva luat i on cr i te r i a  have be en formulated on two general 
premises : that the mos t severe and wi despr ead problems should be · 
add ressed f i rst ; and that proposals shou l d - be sol u t i on-o r i ented . 
Proposa l s  that are only surveys , invento r i es , and broad studies of the 
probl em w i l l  not be accepted . Wh i l e  it i s  unders tood that some of 
these ac t i v i t ies my be neces sary , the proposer ' s  act i v ity mus t 
concentrate on der i v ing a more ef f i c i ent or l ess cos tly solut i on fo r 
deal ing wi th an AML problem .  

Al though the magni tude o f  the prob lem i s  a very impo r tant factor in 
the rev i ew c r i te r i a , broad and l engthy d iscus s i ons of the problem in 
the proposal are unnecessary . Be spec i f i c  and d i s cuss the prob l em 
suf f i c i ently for the rev i ewe r to unde rs tand exac tly what is be ing 
proposed . Keep in mind tha t  the rev i ew panel wi l l  be composed of 
peopl e who deal with  AML i ssues da i ly and have broad expe r t ise in t h i s  
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area . If the add ressed probl em i s  so obscure as to r equ i re l engthy 
discuss i on ,  i t  is  unl i kely to be of  suf f i c i en t  impo r tance to war ran t 
strong cons ideration . Devote the ma in body of the proposal to the 
speci f i cs and deta i l s  wh ich result in a solut i on to the prob l em .  

IV. Fo rma t  

Please subm i t  thr ee ( 3 )  copi es of your proposal . Submis s i ons should 
not con ta i n  any inte r leaves or heavy pape r pages , nor should they be 
stapled or bound . I f of necessity,  you must incl ude pages in your 
proposa l larger than 8 11 2 •  x 1 1 • or  pages that cannot be reproduced 
by black and wh i te photocopy , you must submit 1 2  copi es of you r 
proposal ( wh ich may be bound ) .  If your  organ ization r equ i r es an 
autho r i zation page , incl ude it d i rectly after the abstract sheet . 
Number the pages beginn ing wi th the f i rst page of At tachment B and 
end ing wi th the last page of Attachmen t E .  

v .  Deadl ines 

Al l proposals fo r fund ing in f i s ca l  yea r 1 9 8 7  ( Oc tober 1 ,  1 9 8 6  -

Septembe r 2 0 , 1 9 8 7 ) must be received by OSMREby 4 : 0 0 pm ( E . D . T . ) May 
29 , 1 9 8 6 . 
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OD 
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Appendix E 

OSM ' S  RATING SYSTEM 
FOR S ELECTI NG AML RESEARCH PROJECTS 

AHL RCSEAOCll RATit«:i CIU'fERI A 

Propos�l Oor� iderdt ion� cr i ter ia a'lt ing 

I • The Problem 

A. �� 

1 .  TeehnolO<j icdl Need a .  Present techno lOCJY effective but cou ld be iii\)Coved 1 

B. Magn itude of Problem 

b. Present technolO<JY looderately effect ive-improve- 2 
ments des irable . 

c .  Present technolO<JY somet imes ineffect ive - needs 3 
i�oving .  

d .  TeehnolO<JY to solve problem does not exist . 4 

1 .  Ef fect on Env ironment a. ft:>derate inpact and loca l i zed 1 
2 
3 
4 

2 .  Ef fect on People 

3 .  Eoonomic Effects 

b .  Moderate impact and w idespread 
c .  Severe impact and local ized 
d .  Sever e impact and widespread 

a .  ttxlerate impact on a few people 
b. Moderate inpact on many people 
c .  Severe impact on a few people 
d ..  severe iapact on many people 

a .  Moderate local ized inpa irment of economic values 
u .  Moderate w idespread impa irment o f  economic values 
c .  Severe local i zed impairment of economic va lues 
d .  Severe widespread iiipairment o f  economic values 

1 
2 
3 
4 

1 
2 
3 
4 
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Propot>d 1 Cons iderat hillS 

I I .  Proposed SOlut ion 

A. Technical Mer i t 

1 .  soundness of Approach 

2 .  uniqueness of Approach 

J .  co�letenet>� of 
Approach 10 ,\dvanc­
inq Stat�-of-the­
Art ( Sffi'A )  

B .  Oencf i t s  

1 .  O>st Reduct wns/T'ime 
sav inqs over Presently 
USed Methods 

2 .  oivert>e APL�l i cab i l 1ty 
of solut ion 

• 
AMI. RESE.MCII RA'l'l tu CRI'l'EIUA 

Cr iter ia 

a .  some mer i t  but needs ma jor B>d i f icat ions 
b .  Plan needs some DDdif icat ions 
c .  Plan needs minor B>d i f icat ions 
d .  wel l-planned approach uses 

scient i f ic/engineer ing pr inciples 

a .  Tra i l  and error approach 
b. tt>di f icat ion of prev iously tr ied appcoach 
c .  Tr ansfer of proven technology from another f ield 
d .  TOta l l y  new concept or invention 

a .  Minor contr ibut ion to SOTA but s ign i f icant 
addi t ional �rk w i l l  be needed 

b .  Minor contr ibut ion to SOTA; ready for opera-
tional use 

c .  Ma jor contr ibut ion to SOTA but sign i f icant 
add it ional work w i l l  be needed 

d .  Ma jor contr ibution to SOTA; ready for opera-
t iona l us� 

a .  �>derate cost or t i n� savings 
l> .  �rate cost and t ime savings 
c. Sign i f icant oost or t ime sav ings 
d .  Sign i f icant cost and time sav ing 

d .  Tedm i ca 1 transfer posible but uncer ta in 
b .  some technical transfer possible and l ikely 
c .  Q>od potent ial for technical transfer to 

active mining 
d .  Q>od potential for techn ical transfer to 

active mining and other f ields 

Hut i ntj 

1 
). 
3 
4 

1 
2 
3 
4 

l 

2 

3 

4 

1 
2 
3 
4 

1 
2 
3 

4 

00 
\D 
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Propotia l Cons il.krdt ionti 

I I I . Implementdt l�l 

A.  Iaplementat ion Fdctors 

1. ourat ion 

2 .  'lbtal Cost Oller DUrat ion 
( Det o i l  deficient 

areas on 
cover sheet ) 

IV . Informat ion on Proposer 

A .  Proposer ' s  QUal i f icat ions 

1 .  aackgroundVEXper ience 

2 .  Post Per formance 

AHL �l::AOCII HATit«; CIU'l'l::RIA 

Cr i t �r ia nc.at in<J 

a. Poor schedule, needs ma jor DDdif icat ioos 1 
2 
3 
4 

b .  Fa ir schedule, needs ODder ate DDd i f icat ions 
c .  Good sdledule, needs minor IIDdif icat ions 
d .  EXcellent l y  planned effort 

a .  
b .  

d .  

a .  

b .  

c .  

d .  

a .  
b .  

c .  

d .  

BUdget needs ma jor DDd i f icat ions 
BUdget needs sign if icant modificat ion to 

conform to pr eva il ing rates 
c .  Good budget with few items exceeding 

�eva i l i ng rates 
Excel lent budget as is 

1 
2 

3 

4 

some background and exper ience in act ivity 1 

proposed 
Pair background and exper ience in activ ity 2 

proposed 
Good background and exper ience in act iv ity 3 

propo� 
strong background and exper ience in act ivity 4 

proposed 

� exper ience but has other qual i f icat ions 1 
Average record of producing qual i ty results 2 

and repor ts and adher ing to schedule 
Above average record of producing qual i ty resu lts 3 

and reports and adher ing to schedule 
EX�lary record of producing qual ity results 4 

and reports and adher ing to schedule 

\D 
0 
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Append ix F 

I NSTRUCTIONS FOR EVALUATI NG PROPOSALS UNDER OSM 

1 .  Read the proposal . 

2 . I f the proposal can be r e jected wi thout a compr ehens ive 
evaluat ion , wr ite on the f i r st page of the proposa l an� scor e 
sheet your reason for re ject ing i t . For example: not coal 
related ; not AHL r elated ;  no deta i l ed costs ;  cost over $250 ,000 ; 
durat ion over 3 years ; no sol ut ion proposed; obv ious dupl icat ion 
of past or ongoing wor k ;  length of proposa l  exceeds l imita t ion ; 
proposer has past due r eports on past pro jects ; etc . Proposals 
with s imple def iciencies or unclea r  segments should not be 
rejected; these w i l l  be addressed by the rat ing cr i ter ia or 
through clar i f ication with the proposer . Reject a proposal onl y 
i f  you a r e  absolutely cer tain you can just i fy your r eject ion . 
I f  in doubt , evaluate i t  w i th the r at ing cr i t er ia .  

3 .  Review the r emaining ( non-r e jected )  proposals . For each 
cr i ter ion on the rating cr iter ia sheets , select the one that you 
th ink best descr ibes the proposal . Wr i te the appropr iate r at ing 
scor e for that cr iter ion in the cor responding box on the scor ing 
sheets . use only the numbers g iven ; do not use fr act ions of 

· 

them . I f  you feel the proposa l i s  unwor thy of any point s  on a 
pa r t icular cr i ter ion , score i t  zero ( 0 ) . 

At the bottom of the cover sheet o f  the proposals , jus t i fy an y 
scor e less than 4 for Cr i t er ion I I ! -A-2 by l i st ing areas where 
you bel ieve proposed costs to be non-standard . �k for 
under est imat ions as wel l as inflated or unnecessary expenses . 
I f  ther e i s  insuff ic i ent informat ion to determi ne a score fo r a 
cr i ter ion ( a  proposer ' s  past per formance , for instance ) , try to 
determine such informat ion from your fel low rev i ewer s o r  o ther 
sources . I f  you st i l l  cannot make a jud�ent , leave the 
appropr iate box blank . 

4 once you have rated each cr i ter ion , you are ready to obt a i n  the 
TOtal scor e  for the proposal . F i r s t ,  under mos t cr i ter i a  
catego r i es ( I-A, I-B , etc . ) ,  there are ei ther two or three 
cr i teria . Der ive the average scor e for each category and 
multiply by the Wei ght ing Factor to obtain the We i ghted score 
for each category . Round the calculat ions to hundr edt h ' s  place . 

91 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Set t ing  Pr io r i t ies  fo r  Abandoned Mine Land Research
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18916

http://www.nap.edu/catalog.php?record_id=18916


9 2  

In summary, th •  calculat ions a r e  thus: 

Weight ing 

Cr iter ia Factor FOrmula W.ighted Score 

I-A 5 A X 5 • 

I-B 3 ( r a - 3 ) X 3 • 

I I-A 6 ( I  A - 3 )  X 6 • 

l i-B 5 ( I,  B 
. 2 )  X 5 • -

I I I-A 4 ( l:  A .:. 2 )  X 4 • 

N-A 2 ( r A ..;. . 2 )  X 2 • 

5 .  Add the weighted scor es to der ive the 'n)tal score for th e  
proposal .  If  you have left any cr i ter ia blank ( unscored ) for lack 
of informat ion , place an • t •  after the TOtal score for that proposal 
on the rating sheet , to note that th is is an incomplete score that 
must be completed and rev ised when the Research EValuat ion Panel 
meets to determine a consensus score . A •per fect• 'n)tal scor e  is 
100 . This is unl ikely to be obtainable, since some cr iter ia may be 
antithet ical to other s .  
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Append i x  G 

TECHNOLOGY TRANS FER QUERY LETTERS 
( TO TWELVE COMPAN IES AND TWO I NDUSTRIAL JOURNALS ) 

June 16 , 1987 

Dear ------------------

You may be awa r e  that Cong ress statuto r i l y  transferred the 
Abandoned Mine Resea rch and Demonstrat i on Program for the Of f i ce of 
Surface Min ing to the Bu r eau of mines . At the request of the Bureau , 
the Nat ional Resea rch Counc i l  of the Nat i ona l Academy of Sci ences 
r ecently establ ished a Study Committee on Abandoned Mine Lands 
Research P r i o r i t ies . As a member of that committee I have been 
ass igned the study of Technology Trans fer and how effective are the 
processes of gett ing informat i on to the indus t ry on resea rch needs , 
results of research , innovat ive prac t i ces and techn iques , new 
equ ipment and other topics resu l t ing from resea rch and spec ial 
studies . I am ask ing you to take several minutes to pr ov ide you r  
expert adv i ce and recommendations o n  technology transfer and how t o  
g e t  mo re ef fective dissemination of informat ion . 

Rather than try ing to develop a ques t i onna i re , let me ask a few 
ques t ions wh ich I hope wi l l  focu s you r  pe rcept i ons on the technology 
t rans fer in abandoned mine land s t ud i es . 

1.. How do you learn of the resu lts  of r esearch , spec ial  studies , 
innovat ive pract ices and other developments in reclamat ion? I s  
there a par t icular method wh ich i s  mo re helpful  than others? 

2 .  Are c i v i l  eng ineer ing and unive r s i ty publ ications be ing f u l ly 
ut i l i zed in cover ing advancemen ts in abandoned mine land 
rec l amat i on pract ices? 

3 .  How can the Bur eau of Mines and/or states get informat ion out to 
the industry mo re ef fect ively and mo re e f f i c i ently and prov i de 
response to ques t ions on new developments? 

4 .  For abandoned mine lands , wh ich top ics or areas are most in need 
for resear ch and are the re sub j ects whe r e  pas t or  pr esent r esea rch 
should be updated , expanded and/o r cont i nued? 
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Page 2 

Any other v i ews or comments w i l l  be we lcome .  

The benef i t  of your  professional opin i on and ded icat i on of your 
t ime is greatly appreci ated . 

ks 

Since r el y ,  

Gerald J .  McLindon , 
Member , comm i t tee on 

Abandoned Mine Lands 
Research P r ior i t ies 
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NATIONAL RESEARCH COUNCIL 
COMMISSION ON PHYSICAL SOENCES, MATHEMATICS, AND RESOURCES 

2101 Constitution Av�nu� �ahington. D.C. 20411 

IIOAKD ON 
MINUAL II KNDGY auouaas 

June 8 ,  1987 

To the Ed i tor 

Dear Si r :  

At the request of the Bur eau of mines , the National Research 

Counc i l  of the Nat i onal Academy of Sci ences has establ ished a 
committee to study the pr ior i t ies for research needed to help solve 

problems c reated by or result ing from abaindoned coal mine lands . My 
par t icular assignment on the committee is to study technology 

transfer , under wh ich the results of research on coal min ing 

undertaken by the Bur eau of M ines , OSM , un ivers i t i es ,  consu ltants and 

others is transmitted to the f ield. From exper i ence in other f ields , 
I know that profess i onal and industry magaz ines are one and probably 

the best way of inform ing a w ide range of people who need to k now . 
These wr i te-ups have the added advantage of being w r i t ten in a s tyle 

wh ich makes the informat ion understandable to a wide range o f  reader s .  

I n  my pape r I w i l l  try to descr ibe the present methods for 

d i sseminat ing information and suggest ways of improv ing the sys tem . 

Would you help me by descr ib ing : 

1 .  The manner i n  wh ich you became aware of coal min ing search 

pro j ects to be undertaken by : 

( a )  Federal agenc i es - Bu reau of H ines and Off ice of Su rface 

M in ing 

( b )  State Min ing Agencies 

( c )  Univer s i t i es 

( d )  The Coal I ndustry or ind iv idual compan ies . 

2 .  Are you asked to publ i sh sol ic i tations for proposals to carry out 

research on any aspect of coal min ing? If so , how i s  th is 
info rmation conveyed to you? 

3 .  Are you asked to pub l i sh sol i c i ta t i ons for bids to undertake 

reclamat i on of abandoned m i ne lands and/or cor rect ive act ions on 

abandoned mine lands? 

T7tt N•lio••l Ra••rc� Couo<il is l�t priorip•l optr•ling •grn<y of l�r N•lio .. l M•ll•my of Scitocts ••tl l�t N•lioo•l Ac•lltmy II{ £"fi•tlri"l 
to wrw govrrn'"r"t aft4 otlltr org•Niuti""' 
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4 .  Do you or would you car ry these notices of proposals as a news 

item or public service i tem? 

5 .  Ar e you kept informed of complet ion and r esults of coal min ing 

research by any of the l isted agencies? I f  so , how? 

6 .  As a matter of course , are you inv ited to participate in or review 
demonst ration programs , exh ibi ts of new methods or equipment or 
other innovat ions in the processes of coal mining or mine land 
reclamat ion? 

7 .  We have been told that in many states min ing agencies undertake 
and pay for coal min ing research , but that they do not have the 

staff or fund ing to pub l i sh formal research reports . Th is may 

result in poor disseminat ion of the results . Do states : 

( a )  send you information on research to be under taken? 

( b )  send results of research completed? 

( c )  I f  not , and they were to send you a one or two page abstract 
of the research proposal and results , would you publ ish th is  
work as a serv ice to the industry? 

a .  Do federal or state min ing agencies or univer s i t i es use you r 
jour nal to sol i c i t  the v iews of your staff and/or readers on 
problems in coal mining for wh ich research is needed? 

Spec i f i cally , are your  v iews sough t on the pr oblems and possible 

solut i ons to abandoned coa l  m i ne lands? wou ld you be amenable to 
such sol i c i tati ons , r e v i ews or po l l s  and if  so , do you th ink they 
wou ld s e r ve the industry and the agencies? 

9 .  Do you have any type of r e fe r r a l  serv ice , includ ing a Ques t i on and 
An swe r Sect i on in your publ i cat ion , whe r e  readers can r equest 

i n f o r ma t i on on spec i f i c  i t ems of r esearch/ techno logy , ongo ing or 
completed? If not , wou ld you be wil l i ng to set up such a c lea r ing 
house? 

10 . As a ma t t e r  of co u r s e , do you sugges t contact po ints for techn ical 
informa t i on on min ing and reclamat i on of mi n ing lands? 

1 1 .  Wou ld y o u  sugges t t o  me ways i n  wh ich public  agenci es , the 

u n i v e r s i t ies and the i n d u s t r y  cou ld help you to get out 

informat i on on r esearch resul ts , innovat i ve methods , and new 

t echn iques? 
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1 2 .  Do you feel that the industry and practitioners are famil iar with 

research programs of public agenci es and the un ivers i t ies? 

1 3 .  What do you cons ider to be the most press ing problems of abandoned 

coal mine lands for wh ich research is needed? 

Any belp or insights on these aspects of the indus try and research 
prog rams wi ll be most we lcome . our ob j ective is to help the med ia in 

i ts service to the industry and to make research efforts more 

produc t i ve for the industry.  

As is usual in studies of th is natu r e ,  we are work ing on a very 
tight schedule . Therefore ,  I would appreciate a r esponse at your 

ea r l i es t  conven i ence . 

ks 

Sincer ely,  

Gerald J .  McLindon 
Member , Committee on 

Abandoned Mine Lands 

Research P r ior it ies 
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