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Sec~istribution Below DATE Febl~ar¥ 9, 1976 

Gussie ~. Daniels III, Evaluntio;,' Officer ~~a 
Evaluation of the center for Eal'thquake Hazard Reduct i on Grant (524 -0104) 

Atta.ched for yow' review and conunent is a dra.ft evaluo.tion report 
prepared by Rebecca Acoli J USAID/ROCAP J and David H. Harl ow , USGS, the 
original copy of which was received by the Mission in September 1977. 
This was a regularly scheduled evaluation. The evaluation report, 
prepared after several unstructured interviews with GON personnel. and 
extensive reviews of GON and USAID docwnent;s, is completely in line "'ith 
the Project Fllper in terms of study design, scope and is~ucs discussed , 
although i t is being submitted for review eight months after the 
originally scheduled date . 

BackgroWld : 

The Earthquake Hazard Heduction grant project, approved in 1974 for 
implementation over a four year period , aimed at reducing the effects 
of earthquakes and voleMic cruptions by e:>tablishinc;:, equ i pping, 
staffing and training a. central corc of personnel to ollc:r ate an instituLo,,; 
for aPlllied ~eimnic and geol ogical research . Among the pr':"ncipal 
rationalE;s for the project ,·;as the need to detect n.lld evaluate on ~\ 

continuing basis seismic ri::;ks for the entire country in order to rcduce 
dangers to the population Md dislocations in the national economy 
tlu'ough improvecl site seJ.ection I::I.nd building design. To accompli::;h this 
objective the then exi~ting net~fol'k of tlu'ec seismic stations "' .. IS to be 
increa1ed to fifteen monitoring: stations and n sufficient nWIilier of 
quulii'ied personnel Has to be assigned to all eurthquo.ke centcr to 
analyze and interpret data. 

'rhe total U. 3 . contribution to this activity)aruounting to ~;25't ,000 
OVC!I the four year :isnplemento.tion period, was used to 1'inanc~: 1) u 
PASA ,·,ith the U. S . Geological Survey to provide technicnl advisory 
service:; in the areas of geophysics, instrUlllent maintenance and geology; 
2) specialized training in the U. S. and third countries fOl' pl'ofessional 
and tcchnico.1 employees of the institute; and 3) technica.l equiIrnCnt for 
monitol'ine :::ei::;ntic activities . Durine the srunc period the GON cont.l.':ibut.ed 
with more than .1:400,000 to covel' the co::;t of personnel ::;u.1a.rie5, facilltjc; :; 
and other 10co.1 co:.;(.::; . . " 
PrOl3rcs::: t o, nute : 

Project illputs wcre 10.l·gcly furnishcd us ol·ieina.1.ly plalUlcu) outputs 
were produced on schedule and the project pUl'pose hus been aChieved . 
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The ::';ci~.allic Inv~t .. tjcation Institute (IIS) hOo:'; been firmly c:.;to.bli:.;hcti an 
an autonomous unit in thc t·iinintl'Y of Public ~Iorks . Equip:u..:nt for thc 
opcl'ation of the center has been received and im;tnlled, and the :.;tui'f 
at the center uuemclltcd throue;h the cmllloYlncnt of fivc pl'Ofec:;;ionnl, five 
technicians unO. cupport personnel. '1'l1is number is expccted to incl'ca:;c 
sic;nificrurtly as fivc profes::;iona.1s o.nd one t t:chnici:m l'ctUl'n from 

. studies abroad to {\:;~illne positiono3 at thc center . A aei:::mic nctHork 
con:Jistinr; of sixteen :;tations located ' in various urea.:::; of \','co3tern Hlc·al'OJ .... uO' 
connected by a rndio link to the centl'aJ. station outside !·janat.rua ho.:; becr. 
established (uld in fWlctloning: . To do.te, the scismographic ncbrork 
OllCl'o,:t:ed by t ilC CcnteJ.' ha:; detected a.n cstimated 2 , 500 micl'o-ru!d Sl!VCl'<ll 
si(lnifieo.nt eal.'thquakcs . 'l'ite staff '\'IorkinG at the f.!:moGua ::;btion 0.1''; 

o.no.lYL.ina; thi:; do.to. and have produced :;cveral ctullic:.; on arc<.t:'; of hi~h 
:.;c:ismic nctivity. In o.u.dit ioll, it is uclicved that the c(!l1t.cr cou1,1 
pinpoint the c:-::uct hYllOcenter of an cUl'thquuke "litllin onc o.ml u half 
hourG . 

In.spite 
purpo<ic 
project 

of the :.:ulwtv.ntinl achicvement::: at t.hc input:.;, output:; emd 
levels, t'"O problem:.; have been cneountcJ.'cd in att ... ining the: 
goa.1 ~ l'hc:;;e are as follo'"s : 

l. 
ncu 

Inability to 
and lUlPl'OVC!l 

att.ract quali.ficd 
In:-;tll..utc , 

fUU- time IX!l'SOl1ncl to "',ol'l~ at the 

am1 W1d.cl'utilizution of data and l'l:I}O!'to3 111'OJuccd 

'1'hc f irst problcm "'iU: l'cl utcd '\,;0 r cluc\,;:.L!'lcC on the llUl't of qualified 
pel'GOIl::; to ~IOl'k on nne,.; untcstcd ll.ctivity and the limlted ol'l>ortunity 
to obtain 0. nceond job because of the Institlltc's 8 hom' t101'%-Uo.r l'C{luii:C­
ment . ~he cval uation report imlicate:l that the problems CU'C oeillC; 

·r e:;olvcd with thc uddition of nC:!w gel':lonnel. 'l'lle sccontl 111'ob1cm related 
to thc difficulty of c:;tabli:;hinc the lnctit ute 'o:ithin t.hc Mini:;tl'Y· or 
Public Hurk:: nnd 1.}[(.: lack of :;ufficicnt l~r:;onnel to UI,U.ly,:c datu, ovc.:l'"cc: 

,'it:: l)UhLLt:HLLon o'Llll1 tl.i.!.:td.but.Loll . 'l.'h i.~; In:ohl t'lIl i :; .~ll::o l.i1'; .. ly 1..0 1 ,~: 
ul~l~vj,t~t;clt \"Ii LI . 1.111: a:;:;iL.:lJI,':J 11.. 01' mlult.j.otlaJ. lJ,;l':;ul1lL~l iii L11I: 1 l!::~I' ['tlLUt'o..: . 
In :;WI~lI:U'y j Lh(.! 1''': I..lU'll 01' t.edluieal anu pl'ofe:;:;iollul lIC1' :: (J11I1t..:1 l'n,om 

.tl'uinine uUJ.'oo.u. ulld contiul1C:!U :;UlJ110l't '~ill1J\oJ(c it ],lo!::.lblc.: to i'ocu:; 
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more attention on [llw.J..ytical rcquirementg, the crucial element for 
achievinG thc pl'oject c;00.1. 

The cvo.luatioll rCl'orG SUI!uUG.l'i:.::cs 
imlllc.r.lcntil't ::.;:iJl;il~l.l' o.ctivitics. 

sevcl'o.l lessons for plo.nning and 
These o.1'C o.s follovrs: 

1. Tile Ilrocicct cJe;ji~ll ::.;houlcl ll.ill~e the assUlnlltion tll<J.G qualified persOlU1el 
,viii ho.vc to IJe cJcvel0I.Jccl i'Ti t11 thc I)roj ect 1'at.her than be ~wo.ilablc at~',hc; 

bec;illllirl£', 01' the Ill·oject. 

2. hhcn CXl>~li;j:i.VC :Ln-C01.Ultl',~" tl'aillillL: i;:; l'Cllu.i.l'cu, tLc T.il. auvi::';ol' 
should be :lv:Lil:,lJlt; e!ll a lull-t:b;c b'~si'j. 

3. Future !Il'ollu::;i.l;j of a ::jJ:i.i.l:l.l' tYIJL! :jilOUlcl .i.Lclwlc IJl'ovi;j.i.on i'u:L' 
cducati:l[; tlll~ sjJccific J.'cei.uicnt;j emu tlIC c;cllei.'(cl l1ulJlic on the usc und 
value of (Lat:.;.. 

If. A ::.;rilJ::: L'I.:lL:i.'Ll :!lilOUnL 01' SUlilJOl't is Y18CC;:;S:J.J.'J to 1'ostc.L' the development 
of Go !lC'''' ill:; Gitutioll. 

The tartiJr.l'-::cL,; ii:I;_~'u.'d_ l-:t;Jluctioll projecL l'cccivccl it;~ 1~.i.0t i111lU(; oj' P'CLut 
fLmus :l111,'/ _-!(j'(,{, alL,ll':JL;[~ll ;;l):u'(.: u.nr.l :ccjlClil' lnrGC: i.~ml int(;l'j;jLLt:'"llt Tf, 
LU'C :; J~:lllL,,,j.llt.:: .L11'OV.i.llc,1. Tile cvaluation l'Cl1ol't l'eCOl:il:lC:Ecl:j cOlltiJlw~tion 

of U:~ATlJ/Jf.LC:cl':lr_;cu :.:UjljlOl't cl.G the level 01' :::~c'), OCU IJt;l' Y'2:ll' u',"cr tlw next 
three yean; j.n Ul'lk.i.' Lu cuntilJue tcclUlicCLl Cl:d Cu;;J:iOlliLj :'::1.1['1)01' ~ j'(Jl: the 
Institute aut} to ]1'~11) in the acilicvcmcnt of' thc l!l'OjCCt COiJ.l. rl'hi~ l(:;vcl 
of 3UPlJ01't .i.r~ judcuL llCCC33i.l.l'Y 1'01' :;;everal l'(:aS0113: 

1. :)l)(.!c:i.al:i.:; L:; l'ctL:J'l1.i.l!L\ to tbe Ill;;titutc '\'iould receive -Lilc ;;pcc:i.LL1_i.:::ecl 
on-tllc-jou tl':t:ilLLl!C ori{~:i.no,lly eOlltcllll1latcLL :d; all C:[1'1.y ,;tLlc;e or thc 
project, )juL <ieb:;cd d\lc to lad:. or J/~:L'~;onnC!l. 

2. ContillHCll ::;ulilJOl't j.e; llcc:esc:al'Y to Cllc:urc ti]CLt spo.re l)i.l.l'ts amI ;,;ullplies 
rrill be available ac: lJecucd, I)LU,ticulLU'ly during an Cme1'SCllcy. 

3. lIS Illay need outside ::mPllort to protect its illtercsts. In addition, 
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evaluation poin~s out 
project includine the 

sevcrul technical reasons for continuatio& of 
USGS's prohibition on a direct contract with 
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lIS . . 

' :,.) ' \'. " . ..., .,' Basl.ca.1J.y the Aisnon Das three options with reeard to this project . 'the5e 
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1. Extend the project for an additional three ars . This approach ,"{ould 
require approval by the AA IA and completion of a Congressional Ilotifica­
tion/ Advice of Progrrun Change . 'the attached evaluation coul.d provide the 
justification for the extension amI neccSBUl'y documentation could be 
prepaJ.'ed on short notice. 'the issue with rcg3.l'd to p..:-:!:...(msion is ,"Ihether 
USAID/N would want to continue grant assistance for an activity which is 
well .... rithin the financial capacity of the GON , but neo..l'ly beyond its 
abil ity to respond . 
2. Use thc r cimbul'sablc technicul a:}:}istonce ( R'J'A) mechanism to fill l.l.llce 

the :::;erviccs of U.S.G .S . to the In3titutc . 1'he f.lission has been advi:::;ed 
to tentatively i denti f y opportwlities for usine l'eimbursabl e '£.1\ . (r-a'A) in 
NicarBg\la . AlthOUGh a.ctivity would appeal' to fit the crite./.'ia for HrA J 

nei~her the general concept or specific procedures have been discu3sed out 
with the GON. Hence, this approach would require initiation of discussions 
with o.ppropl'iate aee nc.ics of the CON und scven .. l Il"Il)nths may pa::;s befm:e it 
is clear whether this alternative is viable . 

3. 1\1l~;'1 the pro cct to terminate u)On deli vcr ' of ).lC cO:lU\lodi ties 
a nd services 3 31 'f '1'hi5 risk in this approach i s that pe r sonne l 

assigned to the center may not rcceive the trainin{! r equired for optimum 
anal.ysis of uai',u and thu:; be forccd tCl continue to carry out this activity 
on a trial llJld error b o.si::> . Under these circumstance::; GON SUppol·t i~ 
likely to r emain at a constant l eve l and the projcct goal mo.y ncver be 
achieved . 

Recommendat i on : 'rhiG activity differ3 from ol'dimu'Y project::: in the ::;cnnc 
thllt it in nhlcd at hcl pillB the GON minlmi:w 10::;s of: life and c1rurulCc 'to 
property und ft~cilitl.cc on a. loue tC111\ bacis . 'l' he GOII h:J.r: continued lUl(l 

. . ~ I.{ incrcu!;cd it::: GUllIXlrt. of t.he lll'oject and. 'While USAID/N hu:; no 0 "";"r;atioll 
· ",' to continue its own support for thi3 a.ct~vity beyond the projected 

l . termination date jour ussbtOJlcC may bc/ cruciul. elc~nt; in adding 
". :1 :) l' additional anaJ.ytica.l and pt.'edictive ca.pa.biliticu to the existing datu 
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collection .J.nd .J.rlLllyr~i::; cC:1.lxl.bi1ities of the Inr.;ti tute. Therefore, it i r.; 
recolJuucndcu. tllCl.t this lJroject be extended for a tlu'ec-ye8.r period a.nd th.J.t 
DPA ~U1cl FIc) ::;tafl' pl'Cp~U'C ncce[~c[l,ry uocument.J.b.on fm.' .J.PIJl'oval by the 
M/LfI.. A lllccL:Lng llaG been ccllcuulcd in the Director I:::; Office Oil Ilecln.c::.;d.J.Y 
Feul'uo.ry 22, 1~:rrG iJ.t 11: 00 'a~jil.~ t6' review .. tQc ,attacheu. re,Port. 

cc: DPA:I'JicU .. Ll!L': 
FIS :nBl.·t~}·Jil~~ 
com':.]I [;0 

1JD: lr.Hl!~jljr;Uli 
DIi.\: 1\'1'I;,;l,<1I..:'''': 



Summary: 

Earthquakes and volcanic eruptions which cause losa of life and 
extensive property damage have frequently and most probably will continue 
to occur in Nicaragu~ . Therefore this project was designed with the goal 
of mitigating the effects of these natural di3asters. The purpose was 
the establ ishment of a seismic network throughout the tectonically active 
areas of Nicaragua in order to obtain good seismic data which coul d be 
used to develop seismic risk maps and construction codes. 

nuring the past four y~ars the Seismic Investigation Institute (lIS) 
has been established as an autonomous entity in the Ministry of Publ.ic 
Works of the GON, and the GON is supporting the IIS at l evels considerably 
above those called for in the Project Agreement . The equipment has been 
purchased and installed as originally planned and i 's now functioning. The 
personnel of the lIS have received extensive training from the USGS, and 
working relations between these two groups are excellent . 

The IIS is obtaining good quality seismic data and is publishing them. 
The data collected during the fi:r.st two and a half years of operation of 
t .he seismic net clearly show zones of high seismic activity that are 
potential sources of destructive earthquakes . The results of preliminary 
analyses are focussing rese{U'ch on the relationship between the deep and 
shallow earthquake zones and may l ead to a better understanding of the 
fundamental cnuses of earthquakes in Nicaragua. As the science and 
taclmiques improve the seismograph network may provide data from which 
f'utufe volcanic eruption can be predicted . The project purpose has been 
effectively achieved. 

Although the purpo::;e hus been fulfilled, the project has not fully 
attained its goal due to t~ro major problems encountered throughout the 
life of the project. The first was the inability to attract persons with 
the desired l eve l of education and experience to work for the Institute . 
This problem is beginning to be resolved. The personnel trained by t he 
USGS are now able to halldle the daily operation of the US. eo that the 
data obtained from the continuously operahng instruments are preliminarily 
processed on a regular schedul e . Furthermore, participants are beginning 
to return to the IIS and do the analysis ~ll.Iich is neceosary to utilize 
these datu . In the lIext three or f'our years the IIS should be capable of 
providing the neces sary data in the proper forms for the full achievement 
of the project goal. 

The second major problem which is being overcome is the gradual 
acceptance and utiUzation of the data by the intended recirients. This 
prot!1-em wati not fully anticipated in the projel~t design; however the ITS 
is/~ggaPR~p~e with it. Actions have been taken and are being planned to 
heighten the a"l-lareness of both the public o.nd the govcrHment of the 
utility and ilnportance of the data. 'i'hia is crucial to the realization 
of the project goal. 

Becaus _ ..,{'t proj r.1l is so close to ac,conlplis"l",.nt of its goal and 
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it:.; proc;re:.;s hits been steauy ill :;V1te 01' these t.1O majur pc'oillems, the 
evuluution te~un 1't:collunenus that AID continue its ,,;pport 01' the pro;jf;ct 
for another thrce years. The proposed level of i'u:',uinc; is small, :1:25,000 
fL:muully, but it i[3 c1'i ti('al to the achievement of the p1'oj ect goal. The 
rationale COt' continuinG the project is discusGed in detail on the follow­
ing sectio!!. 

Just.i.1'icutiO!l Cor COlJtil11d.l1[; tile Projec~ 

'1'JI(; oric;.ilJal iJllpctuses fot' .Lllitiat.i.ng the project ' .. I(;1'l: the exLensive 
loss ot' li1'e [Lilli lH'I.I11crt.Y which resulteu rron~ the Dccemuer, 197~~ cUl'th-
qU<l;-::c ill ;,Jann{';ua. Thi s eartllqual':c cmphac i Z(~U the need for the uetermilla­
tim: of seismic risk i'QctOl'S for 'ill of Uicurn.gua so thatfutul'e hazQrus 
to the populace a) lU fu ture disruptions of the eeOllOJIlY could be r f :c1uced 
throutjh bette!' s.Lte s(;lcct.i.olJ u:ld builu.inc; desiGn. Tn l'CSlloJ)[;e Lu this 
need a se.i.L:l':i.,..: network, c0lJ11lr.iseu 0(' :.:r'i ::::ll.)(jrap!ls to det,'ct mj.)IOr 1,1'(::11101';; 

alld aec': leroCl'apl! [] UJI<1 se iSlllocope S to )'<;curu stronc; C;l'Lllllill l!iotion G, \'JaS 

esto.bllsllCu ill r:.LCa1'iJ{~\la. During the pas t two and Cl hal!.' years good sc:i.::.:­
lIlo[~raph ,lata wlticJJ lc-';:ate Ilmny miel'otrClnor8 have been 01) ta i : 1(;(1. no larGe 
co.l'thquo.lu:s ll:.Lve ocelll'l:eu so no stroni:': c;rom:'-l Jllot:Lon (L:cLa lnve bel:il recorded. 

Dur'.i.llL: th:L::; fj.nal cval,lation some douLJt::; werc l'aised auout tile 
de sirabil.i. t.'/ 0 [' COlI tillUillC: tlte proj ect. The se dOlll)t:; YTere raj ::(:U PI' lWl,]'.L 1,'/ 
ill relat.ioll to ccolJom:i.c just:U'icatiol1 of the Pl'ojcCt, ]Hrticul:1}'ly ,!:l 

view or i:icClt':,!~ua' s L:';aLus u.s a :l'elativelJ pOOL' :lat.i.OlJ. 'L'il.i;; attitl;Jc 
.raG SlllJllOI'"':'e:d all tl)(: a:;::U1IlJltj.OIl tl!atL11(~ uccta collec Leu rll!l'iJII~ tlJe life 
of' the Pl'oJ cc L ace "de Ilwltr: 1.'01' tlll~ lIJ'Ojlo::;cd lllLLl lnj.Jlg plll' l)iJ[]C; . ([ t o.1[]0 
reflects the: fact tllo.t ilieaJ';'G1H is a l'elati 1fcl~' llO(ll' n:.lt i Oll (llid ljl:c;[;tioIlS 
whet;lter the: W:d'ltcnallce 01.' a seiswic neb-lOrl\: is e:eollollLi cally justil'ial)lc). 

The evaluCLt.L01; tt:;Jl[l U:iL::l('.;l'l:CS strolll:ly "l.ith the pt'cmise tllat a ;;cislll.Le 
Ilebrork is a lU~-::lu'<',r Hhich only l'ich nations can afl'orc1. Tile f'ollc'..rlL~ 
para£;l'apil;~ ells C\1;; s the; 1'C aeOJle fol' cont jllllilll~ the proj eet ;:-,::d t llc llo tential 
value of the l)['ojed; LoLlle GOl;: 

1. Lt .is not jhx:::;i.i.Jlc to locate all of the: d[wl.':et'uu;; faults 'J,t olle 
time. The l'D,tc; or loc::,tLnu; llC:H llotentio.lly dWlcel'ullf3 i'ault::~ decrcaccs 
wi th the illCl'f;;!':~:Ln[~ lc:ngLll of tile f~ci::;muC1':tplt nc L'ilol'l;:. opcl'Qtin[! UJr,c, and 
all tl1e c1anc;crous faulLs muy never be located. ';'ltc oc:::m:rencc ur seif~ll;ic 

activity 11.10nl.': a C;ivCI) :t'nillt i:.: not eL'lu;tant. A fault Illay l)e cOllipletely 
inactive for a cOllc.i.derable pC:I'iocl ,)L' timr:! ClllU tilell rCSWlll: its aetivLt:/; 
therefore con Unuecl 1Il0ni Lor.inC; is L.:ceSSal'Y in order to loc:-Lt(~ previ.od:.~ly 

JJ1detecteu and lJotentiaLL:: clali[:;erou:: fcnllts. I\n intel'(:still i ' VXDlllplC' of 
this is the 1'act that f;c.icm.Lc aetivity ill the jltallagua arc;, i,: V(;l','! low nO\'l, 
llthouC;lt it i.;; '0'1(;11 c:; Lai)lislJCu tbaL lIl'iny ae Live faults ueCl1 r j.n tllj.e area. 

2. COllti.l1uOUS mon:i.torinc; 01' seismic evellts provide" a [jood llLL: Lory 
['rom which rec:urrence times of' specific cvents can be ext l'n.polated. 1"01' 
~xalilple , fault X lllay be };:rlo.lll to slip every 50 years callS inc; ill I (;arth­
luake of approxjJno.tely lllLl('.;!1itudc G. The earthqu3.lce reco)'us in ChluL which 
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extend back 1,000 YC:lt'[3 have pl'uvided ey,J.;~llent data for calculating 
recurrence tiJllCJ. Eased 011 Lhese data several succes"ful prerlic Liol,s 
of large eal'thqun.l~es huve l)ecn mo.de. 

3. Since prcrliction or earthqun.lws lmced on recurrence tilne::; requires 
an extensivC! rlntil. b1.ll!c,: which Illu::;t be c;athererl over a long pcrioll oj' tiJUe, 
other metl1orl[3 or eal'tL(lun.l'~e prerliction are beill{Z; songht. Geismoloc;ists 
are tryillC; to [:o.il1 a rleeper UlJd(~l'stanll.illC: or tectonic acUvity [lJId learn 
Lilt:! cause:..; ui.' c:arLrIClltalte[). lJata o'utained frum the l'iicarl.lGuan seL;lIlic 
network ~Jl'l: vcr,,! vuluai)le for till::; 1'I0rk since the geoloGY of f!icarac;ua 
is extremely complex. Fur cxcunplc the [3ej.smic rlata indicccte that tile 
purtiun or i~llC OCCU!! flour I'Ihich i::; sULJductinc; under Hi'.:arQ.!:';uo. is 
segmented and tll'lt tllesc deep seo.ted breaks correspolld "lith offscts in 
the Central !uner iccUl volcanic cha.i.n and with many prominent i'aultr3. The 
relationsh:i.p betvl(;en tllese surface and deep feutm'l!S cUllnot :leL lIe 
explained.. imt it is 1Jelievccl to be .i.lIlpurtL1 11L :;n nnclcl'stalJ(litlg tile 
regional tcCtOll,iC Ll.ctivity. 

l~. 'I'he: accmnlllat,ion of ~J. L:oocl clata bn.lil';. teclllliqlles frulll tile 
nationul sei.slllOeralJh lletHurl~ 'dill allow Nicarcl{;uu to jJlUllcd.i.atcly util:i.zc: 
allY lJreukUIl'Oll(~!J in e::Lrl.I.'luQ.!\.e pl'C'uiction llevelopcd elscl'lhel'c in tlw 
world. TllCse tl1eorics ure based on cxtC:llsivc: LI.~1LI.lysis of IHst rec'-1rcls 
ancl clata u!l(l till\[; call ))c extl'apolntcd to a nc'll l'Clc';iOll .i.f tile 10c0.1 
p0.ramctel's 1'01' tllC J'C('.!Ol1 arc determinable. 

) • ! I.. .L:~ J.l'Lr cicula I'ly .Lmport:m L to contillue t h~.! dll.til (~olle:ct ion 
11l'OGl','!J;l :LII Ol.'dc!l' tu I)u.i.lcl Oll tire data uI)Lai.l!cd to date, The dat,'l, nlust 
be cons i.clcl'C:ci in [,!l ov(~]'all fl':uncHot'l~ vrl!.ich should 1)c revj sed cow;tc\ntly 
to reflect illc r.'eas.i.n~ k]lo\'llcdr~e. FOt' exrunple o.tlalysj sot' se.i.:~lnic data 
collected i,cl'ol'c oLilet' lurc;c earthqual~c~s lms silO'.-nl that ,'l quict .inLcrvLl.l 
frequently precedes t!:C! 1i10.;jor evellt. 'l'iJ'..:rcful'l: ;;omc c:at'thgu0.J:e predic­
tions C1.uTe:lltly [Lt'(; be:inc: attr;!lllptcd [lased on ui.)sel'vatio!I:~ or lo.cl~ of 
seismic o.et:i.vit~' ,i.ll arCCUJ kno"l'n1 to be '{cry ,'lct.i.vc normally. 

C;. C:Ol!t.L nuat.i.oJl of the l!"mi tor:Lni~ of U Ie strolllj 1Il0tiOll in:; Ln:.mcllta­
t:i.O~l net'dol'k .i.,; cy,trclIlcl,,( :unp0l'tant i~ecausc eood sLl'onc; lliotioll Uo.ta arc 
very scat'ce, ;3iIJCC thCf.;C :i.n::: tl'lllllcnts only fUllction iIi l'c:';lJC.j!lS''': Lo 
''c)ll(:t':I:,L!l,~' strUDe (:artilquaJ\.es, years !i)'l:! pass bc:fot'C: tlJeir opcratioll is 
l'ccordcd. TIIC1'e1'or': i L is imporLLl.rJl; tlw.t tlIc:i be maintainell to 8,ssure 
tho.t tilc iw;LrlUllelJts YI iJ~ l\mctioll. SilUU.ld a big em'tlFllw.ke occur. Tile 
majority or Llc illf.:t:r'1.Ullents in both the j.!amtGucl. allll tll!": c;uaLClaul'l eQ.rth­
C],uakes did Jlo:" fUllction o.nd the vQ.IU!-:..l)lr: uaL:l. wiJich 1lI.il~i1t IJave becn 
ol'~'·l.illCd ,ms noL recorded. 'j'ltcrefor(', 1'01' Lcct re:~lllt,~. a strong motion 
nChlOl'k re lju j I'/~::; a lOlle tc: .. 1" :[';111::l.1' lllaj Iltcll:wce Pt'0L~ l'!.l::' :!,dmilli. S [,e1'(;(l 
by UTI oL'{janj.zo.t.i.oll deuicateu tu eLl.rtllqual\c l'C::;C:.:.t'cl! sHcil ac: 1;11'.~ I 1:3. 

'(. The e:ci.,;tancC! of Q.n acU'il: :..:cismolo[,s .~ .. f;Lltutc ma.il.,. jn:} !.md 
create::; inLerc::;t in sel::;l:lic acU.-'-,. i~y by continually reminding both 
profesr.;ionals aJid the [\C'llcl'ul public 0[' the ever present sei::;mic and 
volcanic activit:il,~ allu pocsible hazards. 'J'he institute ca:1 also 
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facilitate the e:.;taoli~lunent of n.ppropriate building codec and zOllillg laws. 

B. Since [~e.LsJllic activity e;enerally increases tremendously before 
eruptions, early wn.rnincc of possible eruptioEs can be given. As n. recent 
exrunple, the eruption 01' Cor.cepcion Volcano wac preced':.!d by wn.rlling 
activit:,' five months in advance. 

~). In aUlULion to monitorin[!; volcanic activity, the cej cmology 
in3tltl-..teL:Lwl al:.;o p~~rfurJll l'i~;k :..;luu1ec to accerta.1n tlw potent1a.l hazards 
presented oJ' each voJ.callo to cnrl'oundinr, area.f3. The Tn:; has begun this 
work. AlT. S. C;r<:Lduu.te student ''ilaf~ employed by the LIS while he ...:tudied 
tlle hO.zarus of tllC ~]an Cri stobn.l Volcano. 

The US I·rould n.lso benefit from the con'J.Lnueu o11cration of th(! se:islr,oc;raph 
network in Hi':al'a.{:;wl cl11ce seismic activitJ is consiuerably grcn.tcr .Ln Central 
America than .Ln the US. 

In r;ullUliiLrJ, wilell a senior level ccientist of the U~)US wac n.sl~ed I'rhy 
Nicarac;ua C!101ild continue operatinG the se ismic netv[ork, he responded, 
"\'DwlI you liv~ ill a. r;lw.ke pit. you study snaJ~es." 

Exterlln.l factors 

[jo extel'l1al 1':J.ctors other thal1 tllOse considered as assmnptions in tl1C 
project pap(~l' ila".'e ai'i'ected the.: project si[!;n:'.f'.i.ca1ltl,Y. The v'" 1 iuity of 
ea.ch or L11e ;u:;f~wnptiolls is uiscu:::sed in detail 1clo"r (note '1;. the original 
asslUnption .is uJlucrlillcd): 

A. Iju:I'~ uf if:i.carn.guo.' s major' cities 'iTill IJc al)D.ndoncli for saf(~r sites. 
Th~refon:: t!le: stalJl.LcJune:nt of [:;uidcl:LlJes 1'or safer sitc selection D.!IU 

.improved COlu;tl'l1ctLon practice,; .i.s C'f~sentin.l. 

'filj,; ,'r].s a v:l.li{l ~,SSlUalJtjOl1. J\lthoucil tIle rl;co:lstl.'llct.LOIJ to clo.tc 
has resuli..(~d :L'l a H.Ld(~';lJt'~ad cl.Lspersn.l or tile cit:; ;J.l'OUlld th'~ lle';tI'o.'i'-~U 

central cor(~; tile C(!ll L(;r hac 1J0t l)(;ell rebuilt iJccCJ.llse the C;Oi·; .Ls is:..;u:inc; 
building penni ts jll [I.cconlancc vljtiJ t!J(~ rather c tr.ict no''[ a~lt i -f;(!i':ll~.iC 
building COue: J'C{;ulat:iolls, pattcrllcd ~d.'Lcl' tilc L',olle ; r Cali ['orn.La Code, ::lJld 
utilizjn~~ c;culuC.Lc data [mel a zoninc plan 'iTh.Lcll ':ta,; dcv(~lopcu i),~r T,'joocl\-ru.l'd 
Clyde Inc. (1;1e) in it,; study (J[' I'I:lIJ~lw. completed :ill 197"" Linder titis 
overall plan, the GOll :is prelxLrinG a lmr densi t,: :: tre(!t pl.'w 1'0:[' the old 
downtovTll area "'hi.ch vrj.ll include public and prlvate lmildil1Cs LLlld an 
allocatioll or land for parl-;:s and rccrent:i.onal llse. llo.scd UPOIJ thcse 
activitieG o.!ltl as r;oon Cl.G pl'ivn.tc property l'iC;l!ts call be vcrH'icd ',o[j t.hin 
tile plalJ .i.t is as:';lUll'~d tllat con~ truct.Lon in tile l'lcl area \or ill gl'rtdwd.ly 
increo.s(.: . 

D. J\ ceisw:i.c zOllillC; system, based upon tile datn. developed in tile \'lC 
study, hac l)(~r.:n esto.llliGhed and ::'s beitl['; used by the Vice r·linistryof 
Urban l'lanmllLT, (VU~PU) to deteL'lJIine land uses and types of conGtruction 
based upon potentin.l seismic risk. All building permits are reviewed in 
the context ul' this system and the ilTlplementing regulations. 



Although the ITS is collecting and is beginning to analyze and publish 
seismic and geological data of professional and usuable quality, this
 
information has not been widely used in the decision making processes of 
either the GON or the private sector. It is believed that there was an 
initial lack of appreciation for the significance of this data due possibly
 
to the short time that such information has been available all, because 
initial plans and codes have been established recently utilizing the WC
 
data. This attitude is charging as the integrity of the 11S, is established 
and an appreciation of its uses evolves. See examples of recent uses under
 
Goal.
 

In terms of warnings which might be given to the populace relative 
to high seismic or suspected pre-earthquake activity officials are 
reluctant to release such information because of the disruptive impact 
that the knowledge of potential danger might have. This phenomenon is not 
limited to Nicaragua and is a natural human reaction since the responsible 
official is equally fearful of being either right or wrong. 

The reluctance of government officials to take action after being 
informed of a potential hazard has been obsurved recently in Hicaragua. 
On several occasions the TIS has sent warning letters to the iinister of 
Public Works regarding increased earthquake activity in specific zones. 
Two such instances involved earthquake swarms around the Concepci6n and 
the Momotombo volcanoes and are discussed in detail under Purpo.4 Another 
exmnple is the earthquake swLauis. including one felt event near Masaya. 
The 11S is currently studying these latter swarms in detail. in each of 
these situations. no official action was taken to warn the concerned 
populations of the possible hazard or to prepare disaster relief efforts 
in case these should become necessary. 

Both problems, the lack of understanding of the seismic data on the 
part of the recipieit and the reluctance to use it for fear of upsetti.ng 
the populace as stated earlier, are not unique to flicaragua. indeed they 
are commion in the U.S. , and only recently has tlte scientific commLunit,v 
begun to try to resolve them. Efforts are being made to make the planners 
aware of the data which exist and their usefulness. while at thie same time 
scientists are focussing on the practical aspects of their studies. Also 
recent sociological studies suggest that the general public prefers to be 
informed of natural hazards and that effective public education can allay 
the negative ef''ects caused by fear created in an atmosphere of ignorance. 

C. Adequate capability will exist for develop.ing and implementing 
the zoning plan.-s and building codes which are necessary to make the 
available seismic information effective. 

Thu capability of the UGO to develop and implement zoning plans 
and building codes is closely related to B above. Experience shows that 
the data given to planning agencies must be very complete and ready to 
use, i.e. the planning must have been done already. For example, the 
maps of earthquake locations were initially published by the IIS on 



outline base maps to avoid alamiinfg the general population. However
 
future eartiiqualue location maps will be published on existing topographic
 
maps so that the relationship between areas of high seismicity av cities,
 
towns, and other cultural features can be clearly seen. Thus, while the
 
recipients are becoming more accustomed to the use of seismic data. the
 
information published by the 110 will be in a more readily usable form.
 

D. bualified pesons are interested and can be made availAble to
 
work on a continuing basi; in thE 11S.
 

This realization of this assmption took some time. Qualified
 
persons were interested in the project, but they were not attracted to
 
the jobs because, mong other reasons, it was considered a gamiible to work
 
on a new and unestablished project. Also the opportunities of the
 
positions were limited to the salary offered. That is, the employees of
 
I[S were expected -to worz an 8 hour day and thercfore not be atle to work
 
two jobs as is frequently the practice. This was true in spite of
 
arrangements made to pay above average salaries to professionals working
 
full time on the project. As a result, out of the three qualif'ied people
 
identified in the project paper, only the present director of II[" had the 
vision aid courage to join ald stay with the project. 

The iI [S also experienced difficulty in hiring a qualified geologist. 
The working relationship with the first geologist deteriorated rapidly after 
his traillilig in the U.S. le did not want to work ftll timle, departed in 
March 1975 u.d the position remained opel until Septesber 197Q. A 
sirilar problem occurred with an electronic technici an who had received 
two months training in the U. S. 

E. The ortainizational design and lcbi.n.istratyel.'uictio:1 s o' tiie LIS 
will supply adequate support to the investigLt ions bei., ;gconducted 

The org"lnization of the I [ISas originally establisled with tie
 
ITS existing within the Instituto GeogriL'ico ilacional ( ,ui)not
was 
satisfactorly. The problem is described in isore detail undr rnputs asd 
Outputs. Hlowever the 11S eventually beca)me an a1tonomou, C(tit./ within 
the inistry.,- of Public Works. This chalnce necessitated a Sub stantial 
expanlsion of the staff in order to replace thie lost ION suppor-t services. 
Although the staff is much larger due to the reorganization. much more 
efficient and m-nageable w'king environment has bcen attained. 

Also the original project plan did not include provisions for 
efficient personnel to generate the (anticipated outputs. Thus several of 
these outputs, have been and are still being delayed until more professionals 
are added to staff. 'ftie sei.Lslic risk maps are one exaiLpe of1 this. 

The VAM.PSL is imitating geological studies in the satellite cities 
of Managua (Masaya, Granada, Tipitapa, Diriinba Jinotepe) with financing 
from the Manag.]ua Reconstruction Loan (029). This will provide the basis 
for urban planing studies in these cities. 
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Goal:
 

The project goal was: "to minimize death, damage and disruption of
 
public services caused by earthquake and volcanic events in Nicaragua
 
by incorporating the best possible seismic information in locational
 
and design decisions".
 

The goal achievement indicators were defined to be the use of the 
1TS data both by the CON to establish zoning plans and design codes and 
by the private sector even when not legally required. 

To date the data have not been widely used either by the public 
or the private sector. This is primarily due to the fact that the IIS 
has not had the staff necessary to publi sh the data in a readily usable 
form, and to provide training in its uses. However this situation is 
changing, the current staff now operates the network and performs a 
preliminary analysis of the data on a daily basis. From this information 
seismicity maps showing the epicenters of small earthquake can be drawn. 
In the near future several new seismologists who are currently studying 
outside Nicaragua _/will be added to the staff. These persons will be 
able to devote the necessary time to developing seismic risk maps and to 
conducting special studies of unusually active areas, i.e. to putting 
the data into a readily usable form. 

A second reason for the under-utilization of the TL: dat. to date 
is that the recipients are not aware of its signifiea.ce. A.tou,]J tile 
ITS was not opecifically organized to perform duties beyed tp, point of' 
information dissemination, public education progras are alread, under­
way. During the past two years extensive newspaper coveraLge has 6,e'en 
given to the U S and even some television time when an earthquuake 
prediction by a well known local engineer unnerved the public. [1n 
addition to technical publications Ing. Arturo Aburto, Director. and 
Dr. Argehal, Geophysicist. have spoken to the society of Engineers and 
are plan ing a series of explanatory articles for the enlg.ieecring 
society bulletin. 

Since January 1977, progress toward the goal has increased; both 
the data generated by the hIS and the professional knowledge of the 
staff have been utilized for the direct benefit oiP the populace. Several 
hazardous areas have been discussed in published reports, or are under 
stady and reports will be issued in the near future. 

i/ The OAS is currently financing scholarships for three seismology 
students studying in exico and one geology student in Costa Rica. 
The Japanese Covermment gave scholarships to an earthquake 
engineering student who has subsequently returnied to the ITS and 
to a seismology student who still is in Japan. These students are 
obligated to work for the IIS upon their return .o Nicaragua. 

http:signifiea.ce
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Ad Iti.onal±y. IL!S, in late 1977 and early 1978, has been contracted 
to provide studies such as the three summarized below: 

COPArAR T),m 

The Agri-Science Company, the executing firm of' COPALFAB Dum project
in hMatangalpa including construction of the dam and installation of the 
turbines, has requested the Institute to study and advise cn the possible
risk of a fault which passes through the proposed dam site and on 
measures which could be taken to assure the security of the dam against 
such risk. The work will be carried out in two phases: an evaluation of 
the degree of risk to the proposed dam due to seismic activity of' the 
fault as well as in the surrounding area and the installation of a
 
network of seismographs to facilitate constant monitoring of seismic
 
activity.
 

Industrial Prk 

The Instituto de Fomento Nacional (INFOTAC) hns requested the 
Institute to prepare a seismic and geological report on an area between 
Mateare and Los Brasiles at 1 .ns. 17-18 on the new highway to Leon. which 
is being considered for the construction ot' an Industrial Park. The 
request specified that the report compare the seismic probabilities of 
this area with those at Las Mercedes. As a min]imua the report should
 
contain: an evaluation of possible max:inus and probable minimuim
 
intensities of earthquakes , a calculation of probabli acceleration, and
 
an estimation of the return periods 
for each ,egion. 

Vomotombo ,e It}crmal 

This request for ILS services involves an evaluation of the volcanic 
and seismic activity and possible risk in the region of the geothermal 
project. as necessary to design the installation to withstud the
estimated effects of' volcanic and/or seismic activity on the project. It
 
also calls for the installation of permanent monitoring equipment.
 

In suunnar, although the goal has not been fully accomplished to
 
date, real progress is being made.
 

It should be pointed out that the achievement of the goal is not a 
static but rather an evolutionary process in which as better data is 
produced, analyzed and disseminated and as knowledge and appreciation
of the potential uses increases progressively greater utilization will 
be made. 

Purpose
 

The purpose of the project was:
 

"To create, equip, staff, and train an organization, including a
 
modern seismograph network, for applied seismic and related geological

research in Nicaragua with the capability of predicting (within the
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accelerogrhs and, seismoscopes, wipesbe entit~hiaiving ­

adequate local funding.mor 
Wa ancti-ning

diTibu EAr . "thi established €j e twcor;~~i The 7IS ,as beendeoutte i cncl as an heautonomous entity in the i;, ~!;~ii 
:Ministry of ands. manages sei icPublic Works now a nationale s netork
 
Cq nisting of:
 

1. Sixteen sensitive seismograph stations which transmit
 
continuously to the central station in Managua via VHF radio, 
These
 
are distributathroughout the technically active areas 
of Nicaragua.
 

2. Twenty-one accelerographs and 26 seismoscopes which are
 

ltriggered only by strong motion. These are located in eight major 

The GON funding commiitment of $81,000 for the first year and
 
$70,000 annut ally thereafter has been exceeded considerably. The GON
 
portion of 115 budget has _inci'eased from $81,000 in 19741 to $183,571

in1977.
 

* hcB. Preliminary mps of seismicity, seismic risk and geologic

hazards will have been prepared and distributed to appropriate agencies

inthe public and private sectors for use in planning and design, and in

preparation of a realistic building code. 

iisc anoWdpth erathutureexpacnfin 0areasi~f1 i'
 

The IIS has published the following reports concerning seismic
 
activity and geologic hazards:
 

1. Reporte de los Temblores ocurridos en Nicaragua,,los meses 
de Marzo a Junio de 1975. Puiblished October, 1975. 

This fAirst bull6'in of the uIS contains a list of "the
location data for 352 earthquakes and preliminary interpretation of the

1>results. The~data show that: 

(a) A zone of earthquake 15 to 25 IKnthick extends from ~~{
shallow depths beneath the Pacific Ocean to a depth of 190 Km roughly
below the coast line. A change in the strike or orientation of this,N
deep seismic zone appears to correlate with superficial ggologic~features t44fwhich form a 
trend through Managua that incluides the tiscapd fau~lt,_(ther, 
source of the'December 23, 1972 Managua Earthquake). To,date tlriszti 
no direct evidence pointing to,,a dynamic process that..could,t explain, this

J 2j;correlation. This~ seismic' feature, therefore,, willbe .the object-oft 

- { . *u~ ~~'Um* 

I 
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SAoyoerceder,rotater seal Coceonlans. ldntepai Fo didnlocte 
tat hrnave 	 heirpr iocredivl in h teinludigseteerhed oneof thesebeit 	 Mayranauaanthredfordadhe b enefits; of tecmiationetIt 	 ime hlngermmpordatc s
wilhetrte: o be
 

wihaeultntctoc
..thoug JueT17histu have bepoen pbihd potespand which areThis wll beanimortan
 

serieoclselymisaceduvy onumsent beaaga
paearo fte ault. s
 

faultis
ativeyreen 
(Th 177 dolesar ossthqae equaimnta or
- ATai 	 occur aot uS thestudy wassprop teyh S nCto 	 Lasexprtis 	Jeo ,dot7 i l a moratwork).pblse."hswilb 

:i~~j c:i:	oardolinetIatei The careuso shuckitht fl te aswa crckin: Trenching was done at the airport employing the iinethods tearthquake. 

~ spectr are cmoallteidrsthsland rg 	 hclatni esrand arfevetetelinal buildingsoilg udes 	 Th re orncludewi a st,ggsti oaonaiarhua.kputedctan 
Woodwrd-CldefIcacThe rEslta en6 tei 

in 	 e corespenawllch.~ tatioa 

ertidia inred decte beathK:. htrac bee cala t e bi ll arethatloaefaulrcpse ine i 

spcraotinwsrooed thactual hi duin 1972e Mangu eathqe.ietor owLs
thatreeasonabler amfctiosepectraulcantbe coued orxplinec o io
Maaar uoinegaturren ancalo bckng. Thisr ill andalloracking 
rcourd:p trandtiacine tr entasp cturng Sues Conrdilsa nt 
Woodwhe ofe oowthtafuttaepse§eetsad-lydenc. ftrecsrut 	 ej 

th trmna hrepr
bilin. 
 cocue wit a ugsinta
realized.Oye s s thedth s isc 	 c o il n o spae -t a 

prn. 	 46 
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W orm, sob' Krpo, de 'i'!28lores que Ocurrieron en el Area
de Volc:in :'omotuito "royLo ;ociLY-7 

Ier. illiorlc - Septiel"Itre. ].9'(5
 
'do. tilforme - "ti'L''o..][fj
 

3cer. .1ii'o2e- 7ulio, 1)77
 

Ui1(h5i Lh.. letter±s were presented to nmpresa !tacional de
 
Luz y Muerza (KAL'PA ) on the 
 niaLivu of' the I[S a:id contain dia.rams 
of th e earthquak:. locations nuar lie Ceutohermial project nt the bas. of'

Momotombo volcano. A p'oposal 
for a more detailed sLudy accompanies 
each letter.
 

5. "-t5Ktdio .kq co del AreOa dul ':ac.'.co d., Nic :t'nuu._'. 
(Study in poct 

_ 

.is O ,d, ol 1 a tic . oii :i.lii,,s ill JiC! TIr LII. w :wasn beguni

mid-197; v 10i DIa op I elliiov;ud part Lim , the12 1. T"hlle

value 01 tis work is t i.t maLe tic Mat can 
 be used to delitneate active 
faults and t,.c Lo'e r " .Ww a,' d h to1,'cire u add to the data necessary 

un1tlerstand LI ttun i .)Cot ' u.
 

6. (a) !!Lo Qi KOM do2 arto en K Area cerca de la(.,'ir.',d(it , ( oi k ii Pr ''o,2.) 

(b) .,!Ldlo duL A', . :.it du Q u n' do Apo yo c.rca 
' l .'io'o'i''iIrJ0,.1ue ]JI'Jtnl i lltO de(;,i'aI ,Li ( I ori .tL pI'orr 'ss. ) . . . 

ach, o' M.ose studis is the djr'ct resuli o' ear'Lcuake 
data which were collected by L seoi "n'c net d-scribd ve :iiias 1rho 1.. of
 
thiLs section. ' pauro' 
 orMluse studies is to jiu.sL'atc ton detail
 
the seismiity W.lT,.oluy 'LVewoCun thLe cities o. 
 aaanwd iraiada so
 
that the risks i Al .'.t zones o!' hhseisicity can1 be evaluated.
by '.Ooo i 

Tihe neeI d Or this .rk is 
 undecored bf a swaim of eacthquiKes willch
 
occurred n'r ...... inI 
 . 19'( and included an earthtquake that wassharpt; i±'l' ',-, ti ': . iO,~, tLa'Lr. 

'. ' ' .... 1:''i del Cspusour de la Cotoza Te'i.et'er Kaijo la
I.a. 11 r:.t' a / . 1)Yti.Eedlcd I ....I . 1 i b.shodshe"•,,'leUu 10, IV -_______________ 

Ths I hC sulknC~iJ0 thesis. of a stud nt of the Universit 
of ia11 1 wiho is now K<i'ng post gradua:cte work in so ismology at thoe 
Universit' o' ei.co. The thesis presents the ma thumtical.. tleory used 
to dete -i"inc t v'lit'" s-tructure of' the .ui' rt by empfoy-ill1r

calL. ',. '-e w:l ,,- ;Lint m aun/ seismi.C e. 1111 ,2'-LCC(1ULat 
velocity- sruct turn permitsu ru in t.' the calculation of' more accurate 
eartiquake locations. lie is continuing this work at the University of 
Mexico. 
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3. K;olo,'. -L.-d ijrzuards of t:, San Cc.i stoal Volc . ie Complx

ilicar~w;ua. ,Masteotcrshsic uy Ri.chard W. Hazlett. Dartmoutl College,

iTaiover, New ilglJpsh.ii'e',U;.A
 

As ' re sult of cari'ul study of the geology of the Sal 
Cristoatl Volcano the author determined that the only direct threat to 
the nearby u rus is I eitv Lshifull. Tihe comnuniu itr " 'Ufected would 
1c 1El Vietjo a:d Iiwai:dC... ai:-rhzards that might aIffect areas closer 
to t. ",elctro .icl,..volca:nic gasus, acid r'ains, lava fl].ows and mud. 
flown.
 

. forecus t.i 

activity miight he done by means of various geochemical., de'formational
 
and sei.mic techniquCu. lIU also ment.ion( thilt protective measures
 
such as ait anr:d water filters. diversion 1"rriers. systematic clean-up 
operations etc. could he t'.n to reuce the ef'-cts of the above 
mentioned MWid dailq; Otlls. 

12a .or sui,eotud Wat o1 fL.uturCe volcanlic 

awl=&sC risk -. s l ave eoo .,ce uuui dCueloped by tie
 
Hlowever aL u'OuC 9 4 !r. 'dIJl from ',:L i.'Ord Unliverisity has nude
 
somec' pr'lJnMr riskin based1 tol iont recoid" o' seisitlic
 
activity. in oW to WE&jt corr'ct.ip-_thoem ill
1 :MW ins sul..iciit dut 

eli'. •L o'C report~i,-, o1 old c,.r", iqu'akeorder to "u . i oi.' ihist ietter 
in the ruEco s i' iimp J llatioi dhsitLy. Tihis wock il start i llhe 
1lew sc~iS:k :"LO1 'C kt.i5. ec, :V ,I '.. 

i ,. A Ldi,'c Ce.ez i', '<.: d (h:;ii ::t:;,.i (::i . i : I:LI j,i)'r I} 

years of n.: I IS d t the diff.iculty ini ahttract i 1yod .liost 

t.o work for ti- Ila. Te geologLst now ei:.lLo.',yu its .-;ll luhtie-.'1,9 
i'ormer'ly w I A r. of01 lnq IC was with tIhedcI'Cie :tC' L]. r '.,d Involvd 
Wood.ward-Clyd studies. As munt iona- ho\ s,'mu'l sjeeiiv,l L;eoloical 
hazard S:till.;I iC' Wel iwh.. E:<umplrs o1 e r .: 

s..i. c . ':,s 11.1 1A 0d i 1, .:. 'c Ioi a:i,.de for 
the (;OT". n ii isilt'ld" .ce cr l ) of u it I:lln C'l'.ii tie to . 
buildili' wEs'ds'' i tlh' stcuiIt'i C. 

(b) A study oC' the locl aueolndl. Ma HTS'ti'oiinii lTle 
has begun this stut; on its o.: n. i'taivu-due to th- occurreice of 
several earthquake swarms .l hue viei "of1 tilt city. 

C. l,.i'5i'rtin wu~LC ilding r'eopoo)01 to 0oCi:oUt 5JtA.'oL L1l :10ion 
will iI collected LLL A" noted a-ove . accelerographss'steittic 

and seismoy 1q11) i been installed -ihrorhcut. Niicaragua. These are 
beinn,p,2rioiCc lly 1 i ' T 0it'dtate CL'gL: ("<'thqCIL s hiave occurredt'o 
to l'g er' ''''' i' I CI ,;I tDiile 'c_'o'eU Ii avCt been collectcd 
althougi ti't iem Mi completely prepared. 

In additGion the eartiquake entincc , who returned approximately 
one year ago from studying in Japan, is analyzing the available data 

http:corr'ct.ip
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concerning t" 'i dym mic response of the soil deposits in Nalnl{ua. Also
 
he is writina computer progrn,.is to extCapolate the bedrock motion from
 
future accelerograph records. 'l'he3- data will be the 
basis for al
 
eventual buJldi,,G code incorporating dyrnulic considerations.
 

1). ._ou Loril' of activi 01"the sei:smic cv hea.'t 1 t1's most importantVOl('10-' wliii I }roe leeh e.stao lisied a coaLno~n: : iiIa s.i iiion 

response to 1 0 llow, i'I'ion o[ mnzjfma Ceatk [ at l}l riO r to[ n
 
cruptio 
 .e h ,r of small uefulL ear.L'tquahes egu"rally .llcruLscs 
drunaticall'i%di t'u volca:no "swells" Causing. aasUCrable ground tilts.
 
HintoricaLly. ovum thoudh the prediction of the ex;ct 
date, time, and
 
force of 
an erupt ion is yet to he realized, the ton: term ni'onitor:ini of
 
seismic activvit' ,d ground tilt 
 has proveni to be the most, rel:iall aid
 
practical met,iod of detecting 
 thle aWakn.iu. a of a dorlaiait volcano. 
Therefoure semiv''I'L tioi is were inastalled on or ne--r :2w i Cri stokLal ,

i OE.ru..',' ta.: , d (COIiAceplc]1io0n. oLr o_ us; 

I i
 
aoetiv(c WIC'i.volcnaiouC. 

ailv r'cords of Lb. very small u:ncl.U mLiccruart 'qu esnun ,,. kept

C0 thL t :; ncrLe wC L, i,C OoLd i 'I (x,Y'ple
,'.' iC u:. 2coo _. in i "CtIVNJ 

of L c :is the MR, ! 77 -. rupin(lo11 of Concecion volcano. A Mie
 
increase in cc sic actLvit wa; ob.er'ved in Octuber 1Wu' i, 1.u.it
five

before th, eui Li. and th.e Vic,- 1111ster of 11ti,lic Wo s a !: Jllud
 
of this a tivity by ILtur in early,-
 iumer. pop.ur; el; thie ueaveual
 
erupti on we: v-r- small. h weve:r,. Lh i illus Lrated th., load Lime thLt
 
could i/ a-'ailahje tu prepuare 'or a poLont:1Lill l:roer ad: t
.rso d:.:ae rOns 

.i.' eisimlic n.t is also sensitive to eali:ii .l;, La' uove Iif
 
the ot er volcanoes in Iticarngua. inll ±,c, Lu 1 Of
du.c tLhre s'are.ls 

earthquakes includni-
 several felt events, te most ::eIl:.I eally so.'Live
 
area in fic:o' -qaa is the Mumotombo volcano wiiich is 
 13 1i from th! nearst 
sei smic statoni . Hisroric accounts indieate that m.L.iy (:artiuica.eo n.te 
felt pr .ior to the l:ast eMpLtion of .iomotombo :il 3.)1 ;ec"tl 50Li.au-,,lcan]i­
e±'upt,_i ,lj'a' u Niskto-the geothermal ene-gf pr'oj ect beinZ developed 
at thei - . oi t r j, volc'nio. a letter was writtLe to LIIkAlli ' alb ., ,:tcIt 
swatii j)1.) p051: that power moreg .. We compun i fund a detailed e:isie study
o.u' o t},rou"i the installation of three additional 5eis5iiic stations 
in the V iL ,r o tie volcano. ft is well luiowil that s:i-m is activitf 
ii "' in .cot "nl fLelds . and the addition of these stations would 
provide vh'.l'u data with which to evaluate potential volcanic and 
seimic 0is0s. Also techniques are being developed to use detailed 
seismic stdi an an exploration tool and this should sei-i, to incrcase 
the [percenat,-,.of costly drill h oles that become 'Iroduci" "i i' as opposed 
to dly well:. 5o [a the'e has been no response from CiIAI Ii, 

in 'h, L1ion to se:smic monitoring of the volcanoes, three biaxial 
tiltmeters. inherited from a previous USGS project, have been installed 
and are operating on San Cristobal, Masaya, and Concepci6n volcanoes, 

http:artiuica.eo
http:s'are.ls
http:progrn,.is


Coege forhredith a orgnnalysi,chemical contet nrof rcondenates
Thie 

't::.-.":he
is,beingdevoped
n.d:: kanwledgas e,potetialicatnhrigHopeulln ieiofmprkoededfoc .. te r, i.n.....atind p !ete"
 d6,
.u~i:;i" :,s'tweng ofVanic' oakes s' ca.reinalbeole ald ,fturthqco ! :ined:'i 

In4U•~ f :;Atsummary,andgtererounthe monitoring fte 	 proceedseismic 	 of Nicaragua'solcanoestit ata,,y IS:~ ie is uet! e i'": ''':
i"ptao continual basis and some productive results have been realized.
 
TheeoriginalL , of program of onlyesseismic monitoringi: CerroiNegro).;! i'i:.
. ac quiidconesaet foruaoserai 	 y ipanI a!:aCisI
has been expanded to .'
i.ncludevolci iareground tilt activ.ity and chemicals Ce of ±'wnarol,gases.qaoes iregnaleolclfue by anal4 ysisrlAmrt.h; rTee
 

E. The ITS will have research capacity; it will be contributing to ' 

Z ,, , uthe knowledge ande haring its knowledge of the relationsips 
between earthquakes and regional geological featur.es 

Although the research capacity of the ITS is limited due to the 
lack of qualified personnel, the IS is serving a very important dlarta 
gathering role in a research regarding, the relationships betwpen earth 
quakes and regional geological features in Cepral America. These data 
are being shared with all organizations intere rin Central American 

.4. tectonics through the publication of 'periodic bulletins and special 4 

reports.' Also the director of the I1S has participated in several 
international meetings and has reported on the data and the network 

* 	 setup. 

Guest researchers are welcomed by the IS. In the case of the 
Dartmouth student who wrote his Masters thesis on the geology and 
salary and per diem, and provided ani assistant, a vehicle and a driver. 

~..In summary the actual end-of-project statiis of the IIS comploey, 
Thncallsthe original expectations established in the project paper. 

Inputs and Outputs: 

The pro~jected inputs were supplied to the project as planned. Nlo
 
particular contractual difficulties were encountered and all commitments 
were honored.4 .' 	 .' 

4~4r~4 4 forComments regarding the anticipated project outputs are given belowt 
~4~4for each output (note that teoriginal output is underlin d). 44 

44 A. The ITS will be staffed by f~u 	 and 
engineers who will have been partially trained and4 assisted~b USS 
specialists. The current ITS staff4 includes-five 4professionals - fii& 
technicians and support personnel-, This ile inrae in thea' 44444 

future'to include an additional, five 'rfsinl 'n n ehiian
who, areh~studying outside, the out 	 n& atrci'Jiotpof"hioase sone 

-6$thep-rofll of the 115- wile :pUrquin -;thie sties.) r4
 

4pa 
4444, st~~4 

44 * ' 4' 4 4 4 4 . ? 	 / 44~44. 
4T ~ ~I24j 	 ':':~ 44' 4 4'.44	 4 ~ 4 '-~ 

http:featur.es
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:Thehogmen tione-ony Qgoup hae €or, credte hi toff /b.oV 
t arag alTheS data are beerelto e. corelatedto acrSa, Sttudio.zuw 
t zce eawtia , e aru..gai notngwU.T nic hent lmoat reh aathin ' .oJ. datel moruuew tha west0ern pofi-onav13i. ... ntern o f te seitopnseismotgrvhsil l be-locate."Y~t " hr .t niruo n on nectoetthe moreoandio 


bNcardett e. The peerele w ri o te facntal..station were 

quakes. In case of an emergency the exact location ,ofthe hyapocerbter
,"p could be given within one and a half hours,

!iiit'.l wi.U anlyzedof erptiosmbish a-vns coulposbe... aedn roughlyowith 
::in:):C. Existing seismic data will have been computed and new'data fromthe Detmograpie iork
willbe correlated to them,
 

As mentioned,', Dr, Shah's group have co~upiJled the historical 
data. The "IS data are ready to be correlated to Dr. Shah's study, butthis work cannot be..ostarted until the new seismologists are availabIe, 

D. Continuous monitoring of the seismic activity of 
the Nicaraguan
vocanoes will have been established as a possible means of providing

early warning of eruptions. 

This is discussed in detail above.. 
E. Anetork of 10 acelerographa and 30 sesmolcopes will have been 

installedin fiveNicaraguan cities, inluding some l3mitedSinstrumentation in the ltall 'bildingsin .Mangas The purpose

Of the systela is to yeld useful engine'ering information. 

The strong motion instruments have been installed a.s proposedin the five cities and inthree additional cities. The status of this 
output is described inmore ,,detaiJ, above. 

F.Detailed geologic work to l.ocateu 
 lt lbe prfrmdi­
4Q~ ~'order todevelop a regionalunderstanding ofthe pattern of

faults andother structures and to locate regionsQfpotential
hazards, 

' 

This work is beinig carried out as planied now that the IiShas a 
competent geologist on Its staff, Several examples were mntioed.,bove<
Also a detailed fault study is lbeing planed for Leon, the second largestcity in Kica7 'a aince'the seismic data show :actiyity~". the vcinity 

..... 7 - 7 7 7 
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IIS budget was subsequently increased from $125,143.00'to $183,714,00. r 

the. .A third instance of the need'for AID intervention to protect
the fledgling institute occurred in mid 1976. The IiS had constructed
its own building withuan antenna outside to receive the ignals from 
the seismograph stations and special air conditioned rooms to house
the recording equipment. Thus the Director off the IIS was very 'Shockedwhen the Minister ordered the IIS to move into the IGN buildings. Such 

: an action would have severely disrupted the IIS activities since it 
would have involved realigning all the radio antennae of the seismograph
stations in addition to relocating all the equipment. He protestd thisorder to the Minister without success. Finally he appealed tothe USAID 

4 

managanda letter wQent to the Ministry requesting
the order was rescinded, 

their intervention and 

In summary the management experience in the project primarilyhas been that of deciding when to intervene for. good of the project 

without affecting working relationships, The examples mentioned above
definitely indicate that some form of assistance is required by a new 
organization until it becomes established enough to defend itts own 
rights. 

The actual progress of the project was han,
originally scheduled. Again this was primarily due to the extensive on­the-job training required because trained and experien e~eron'e were not availabl.e. 'The instrumentation an&sodaedhr x wer 

-omewhat:sIN, 

installed and functioning by April,"1975, but the dai ': ocessn)o 

vi4 
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tthe eacutinte. Am rcomtmends USA no thte pect iretha ked0 .
 

The~~ ~r begijein tosretur andpaneffcs 
years, FY '78'through FY 80.: These funds would be Used .tostation USGS-:::year and .: :ii::i!
- '5 thnins in Nicaraguo man mnthsato -pery provilde 

::: emergency equipment support of approximately-.$1,o0annuallyto'the XIS.::i "::)~~i?.'ii:i 
s a hoThe. of USGS ismi m ard o hascontinuedz.resence technicians 

project Thenpersty trained Personnel te tnhushieds a 
'willbeavaielle for specialized:trainin e had initially b z e,; Tscheduledto niveiospecializeda durin eminafthe-t butstraining
techicinsNcarguafor4 t 5 an onts praar canproviat'jeht

fdthisneo las frustrated bythe lack ofadeuately traiet in t 

ted concentrate:,:An ond Ato on very basici nal for.th n.th 
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ifmoryonthe aalysis wok whicss is cui achievement....nhca coentrt
 

goal. 

A v­

'"<-' 2 ~~24~ W J4 

2 



Be urg 3 M... . ;7pergen.. rser ure t e- 7iee .t~ 

- .... t heswdxpe encnd z r- hr thendoree up wthe a .hi oD e 

a.ri e Xn ich a, frs pe e r frhnoho'frmet€ic. e'ot4. arse, "uld 

~ ~apars concude til
 
0.- .:- r et-aee cknoce no edthe
aID si theinning

coud 
ot h t


Thprideo pape describedlita
anUngs cshsul rAid/ on T' o s 

"this oxperience under~scores the need for establishing a 
program for a specifi.c number oft1years, wM~ firm commit­

7 V ~ments m~ae by a] ~e~isivolved as t~o their oblig1ati1ons.We believe tit the USGS'should provide consultation servyicesfor a period of at least ten years in order to assure that
 
,,ad.. 
 adequate data are collected and that a reasonable economic,' - return will be made on the initial investment for equipment
 

and training." ' -.
 

A subsequent section of the project paper further states that: -

"Although it is estimated that the program will be fully
operational at the end of three years it may take much 
longer to assemble a seismic data bank needed for adequate
seismic mapping and investigation required for country-wide
4 -2' -~- planning of land7 7 use and public works. The Centerconse-
quently will need to continue its contacts with USGS after 

77 

;44the first three yers." . 

Unfortunately the authors of the project mistakenly assumed thatthe GON could pay for the USGS services required after the initial years ofthe project. 
The USGS charter does not permit it to work outside the
U.S.A. unless contracted by another U.S. government agency, in this case
 
AID.
 

July 3, 
The report of the Area Auditor General, Latin America, dated197, also mentiones the need for long term training. 7 777His £ 

erecommendation was that: 

IUSAID/Nicaragua, in programming any additional funds for....':this '~ --- $project, include financing for long term training
 
and also request the Nicaraguan Governmentlto 7provide 
 ~ 

7~7 $.7 funds to assist in this training so~the're'quirednme 
­

,-F 

4 . " - 4' 
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of ;rofu-sionally educated technicians will I)( available 
to Operate the Center in the m1anner contemplated in the 
project adVeeml t." 

The rationale for continuing the project is discussed in detail
 
in the sOuIIar,,- section.
 

Lessons fia i ud: 

A. ;miila psroject the assulnption should be made that qualified
personmel will e( dil.i cult to attract aLt the beginling and tlat they will 
instead deve Lop ".It.' the project. As discussed before, the key problem
in the es;tabli sim> it of the 11' has been the difficulty- in attracting
qualified personnel. Ti-s pcobletm was recognized early in the projct as
 
is shown by tLle .ollowing quote from thie: Area Auditor General's report,
 
July 3. 1V(5:
 

"O.e Concern is the present sho tt[e of qualified teclical 
peso el...... t! I(S advisor believes these pel'sonnel are 
{;<sicntial if the Center ( IS) is to eventually anualyze and 
publish, il a_Iwa il'Iiful maner, the data which are beinC 
recorded. !-hiforts are being exerted. by the USAJI). 11S(,S,
lAd.;S and the ge.ter ( S) to secu'e enough adequately
tra wecd p, ru!nnl." 

u;.r thi pr'oblem were observed throuchout tie life

of the p0,_ .; a"dvisor. use prliiary was ant.icipated
A:, wi Pinction 
to be ov:.:. 'i- , data reductioll process, was requir-ed to spend extra 
time tranI .. ,xeL.ieC<d persotIlel. %hren iesonsi wh~om the extra 
trainl: ; , ,-h ivus td i'btthie 11S, a s.ifnilenvt setback was 
sustained. :,iid ,Ccr oDu 0eriodtbe U devot,,d solely to trainigC, was 
1essJitatt:d . ('liiis ap a geologist a!},u~i ed andw th1 electronicsteche ician. 

T!.,roblm 01' l.ack o[' tr-aiined ]purzsonn(el J_- slowly bein-6 
allevJI ated. People tr1JI ned ilL s iPlog,r a-e now be-j.iin.n to return 
fron tuiversit. progreas. but this as takn three Year-s to accomplish. 

. ,e cxt.isiv: In-soun,,- braining :is .nticipated in a project.
tiLe advi.so shlould be seduled f.ior 2'nll t.nie assistance. 3ecause the 
extra tra~inirg requitrd by thle <T stal was not originallyr 1reseen, 
the 'US advisor was cileduled I.' in termittent visits throughout the
life of tile project. This set a; cunsequently affected hie continuity
of the trainJi6 prozrunl. D-i on instance. months of data had to be 
reprocessed Ieca.se .it had been done iricorrectly. If' tie advisor had been
avanll le. ti,t errors would.l have beel spotted i2wiediately and the persons
involved could have been taughJt the proper method of analysis. 
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Aother aspect of the arguinent for a full tjme in country

advisor i- the advisor's well being. better work 
output can be expected

from a well adju:sted person 
that from one who is torn between the
 
project' s 
 need for him on site and *his fainily' s need for himi in the 
U.S.A. Whien more than five or six months of in country tine is plained 
per year, this aspect should be considered. 

C. 'ut~u', proposals for ,i;iilar p)rojects should include provisioIns

for educttimg; th specific rcipients and the genteral public 
 in the use
 
arid -vLlue of seismic data.
 

This role had been considered in the planning of the I IVS but was 
rejected because other government Ltencies expressed hostility saying that,
the LIS would become "political anid regulutory in nature. H[owever
experience has shown that it is necessary. The majority of the intended
 
recipients of Lie IUIS data iad little 
 uuderstanding of the value of the 
data and consequently have been slow to incorporate them in the planning 
process. As a result, the ITS has had to expaind its scope of activity 
to include some aspects of public education. 

D. A suhstatial u,;o1utt of political backing i-s nlecessa.'y f om SALD 
in order to 'osLer tt development of a new institution within a foreign 
Government. 

This .i.s discussed in detail under Inputs and Outputs. Since 
the project hias cnerally accomplished its objectives, the support given
by AD/N thr.oughout this project can be viewed as representative of the 
support level needed for similar projects. 




