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ABSTRACT 

This is a report of the work accomplished on Project VT/2704 from 1 October 
through 31 December 1971.  It describes the operation, evaluation, and 
improvement of the Tonto Forest Seismological Observatory (TFSO) located 
near Payson, Arizona, research and test functions carried out at the TFSO, 
and research and development tasks performed by the Garland, Texas, staff 
using TFSO data. 
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OPERATION OF THE 
TONTO FOREST SEISMOLOGICAL OBSERVATORY 
Quarterly Report Xo. 2, Project VT/27CM 

Contract F33657-72-C-0013 
1 October through 31 December 1971 

1.  INTRODUCTION' 

1.1 AUTHORITY 

The work described in this report was supported by the Advanced Research 
Projects Agency, Nuclear Test Detection Office, and was monitored by the 
Air Force Technical Applications Center (AFTAC] under Contract F33657-72-C- 
0013. nie effective date of the contract is 1 July 1971; the Statement of 
Work for Project VT/27Ü4 is included in the appendix to this report. 

1.2 HISTORY 

The Tonto Forest Seismological Observatory (TFSO) was constructed by the 
United States Corps of Engineers in 1905. TFSO was designed to record seismic 
events and to be used as a laboratory for testing, comparing, and evaluating 
advanced seismograph equipment and seismometric recording techniques. The 
instrumentation was assembled, installed, and operated until 30 April 1965 
by the Earth Sciences Division of Teledyne Industries under Contract 
AF 35(657)-7747. On 1 May 19b5, Geotecli assumed the responsibility of 
operating TFSO. The location of TFSO is shown in figure 1. 

OPERATION OF TFSO 

2.1 GENERAL 

Data are recorded continuously at the TFSO for 24 hours each day of the week. 
The instrumentation that accomplishes this, and other instrumentation that is 
used for special tests, have been operated and maintained during this report 
period by a staff of four technical people. Administrative work is handled 
by one half-time person. All work is being accomplished during a "normal 
shift" from 8:00 a.m. to 5:00 p.m., and a "late shift" from 9:30 a.m. to 6:00 
p.m. The normal work shift is worked each Monday through Friday except holi- 
days and is considered the regular work day by all personnel. The late shift 
is worked every day including Saturdays, Sundays, and holidays, and is staffet 
by one man on a rotational basis. 
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Figure 1. Location of TFSO 
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:.-,    STAMJARD SI.ISMUCKAPII OF UPLIUl INC PARAMhThKS 

Th« opcratinj] parameters and tolerances  for the  li-SU staiulard seisi:ioj;raplis 
are sliown in table  1.    l-'requency response tests arc made routinely aiul para- 
meters are checked and reset to maintain the specified tolerances. 

Normalized response characteristics of TI;SU standard seismographs are shuivn 
in figure 2. 

2.3    DATA UlANNLL ASSIGXMLMS 

liach data format  recorded at TI-'SU is assigned a I'ata Group numher.    Mien a 
data format  is changed, a new Data Group number is assigned.    Data lormat 
Change Notices reporting changes  in channel  assignments were submitted to the 
Project Officer and to frequent users of the TI-Sü data during this  report 
period. 

2.4 CÜMPLLTIUN AM) SHIPMENT OF DATA 

Six analog FM magnetic-tape units are used to record data for the Vl;l..\ 
Seismological Center  (NYVJ.    Before  1 March,   tapes from these units had been 
sent weekly to our Garland,  Texas,   laboratory for quality control  and had been 
siüpped from Garland to SOL about  15 days after the end of tiie Month  in which 
they    were recorded.    Since 1 March,  all  FM tapes  for six days were sent 
directly to SDL each Mock.    Only tapes  for one day were sent  to Garland  for 
quality control  inspection and forwarding to SDL. 

All ASUAS tapes,  except two per week  that were sent to Garland  for quality 
control,  were held at the observatory for a period of about  8 weeks and then 
were recycled  if not  requested by a data user. 

All ucvelocorder (lo-mm film)  seismograms,  except quality control  copies, 
were routinely shipped to SDL.    One seismogram for each Develocordcr was sent 
eacli week to our Garland,  Texas,   laboratory for quality control,   then for- 
warded to SDL. 

Copies of calibration and operational   logs accompanied all data shipments. 

2.5 QUALITY CONTROL 

2.5.1 Quality Control of lo-iiim Film Seismograms 

Quality control checks of randomly-selected lo-mm film seismograms from Data 
Trunks 2, 4, and 8 and the associated logs Mere made in Garlaiul. Items that 
were routinely checked by the quality control analyst include: 

a. Film boxes - neatness and completeness of box markings; 

b. Develocordcr logs - completeness, accuracy, and legibility of logs; 
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III   gMlitf af   ilw «wrall   »wtme* of tlw mmt* 'for «ajapl*. 
»|M4ia« ««I tnw« lalMMllft; 

l.*l   SN>lttr •f fM« prwMtiag. 

4.    ■VMII» «T llMM •v«ltfstl«B» «»rt MM t« tM «btonratOfT for ihrir 
IMMM. 

•M.i    ^.lilir COMr#l Of WM M HiMOtUlM.   Wl 

LMII «ooi, ^Mlilr «ootrwl dMCi« of tiiroo roMMtl/'MlocioJ Mgp»ii<>topo 
M;\Mk>grMB *r» M<IV la lUrlaM MJ «l  IVSQ to MMT« thw rrcoNlofi MM 
•pr^ifioil »UaiUrJ»      III« follMt«« ll«M orv «.W^irU: 

«.    lopr MJ ko« IJI»OIIM(; 

b.    ItruTMr. co^pi|ot««r»ft. «oJ Motartt of lofi; 

•«    Monoit« JMMMOI«t IM of log» bf rol<« coMMOtt M tap« alMM 
a|)fli<Mlila; 

=*,.    s«i*m>prMpk polaritf; 

0. U%*l of tko M«*MMitMc Oacigfouadl OOIM; 

f.   lowoi of <alit»rjttM »igMlt: 

%,   loUtlw fiWM thitt iNotMora *nv:   MUMgraffca: 

a.    bntol of ffti«« aour; 

1. 0»«llUl^r aligiawot; 

|«   <)Mlitr of rv^aiMo«! Ml «IIMI «««ro applKMIos 

k.    ItM'pHl*« «am«r; 

I.    SlMffcoJM «llfilal IIM Mria. 

2.i.i   OMlllir CMtMl of ISUto ^MatlcfaM toll 

^ualtif «oairol <h*€h* of v>i»%» taprt «to m*** routiacljr.    it prrtcnt. ot 
lap» fro« Mcti of I*M? two irj»»|«ort» I» «riioci«il «ooilf for Ik« foiiowiag 
UCM: 

a.    \MIOM* aod acvoracjr of tM MMdatoJ lot»: 

l».   tolarlt? error»; 

Kocoraiag lot«! of ooch diiMtl; 

iR n J 



4.    tittvlilf of rfrprtttJtKiiOT: 

•.    PrMMte« of livaJrr r«c«r«l anJ corrtct rvcord Icncth. 

f. IJJ« paritjr «rror»; 

g. itatnf mforaitto«. 

2.S.4   QuiUty iwitrol of uattas Higwtu-Upr SoUaocfjm 

giMlttx control chocit of iiCKMS topot *rc caJ« routinely.    At prctcnt. one 
njpr   i» diocieü •ocli wovk for all  itew  lt»te«l unJer section 2.$,i anJ,  In 
«Otlltton.  for U* folloktng tt«M: 

a.    Plot«! tr«n«nt»»iun parity errors: 

ko    central «llglUl »«-»ten parity error*. 

c.    Gain code errors. 

2,0    I.V»PUTIü.\S 

A tacuritjr intprction nas conducte«1 on 27 Uciober by Mr.  Ken 0:bolt, 
Industrial Security, PhoenU, Arizona.    All pi «ses of the TFSO security pro- 
graa were founJ to be In good order. 

2.7   rimuso ruKU GLUKUUR 

The  ItfO k* dletel-powered generator was operated for a total of I hour and 
** ainutes -nJer full   load condition»,     flie storage batteries that  furnish 
power to start  the dtesel engine failed during tests on 8 Noveaucr and were 
repSaced. 

.'.h    PAClLln M\IML\A.\CL 

ihe IfSO facilities were aamtalned in accordance uith sound industrial 
practices throughout  the report period.    This work  included pest cxtcrnination, 
fire extinguisher inspection,  work area cleaning,  and  lubrication and cleaning 
of the heating and air conditioning equipoent. 
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.*.*   ki.liit.lt 

Lifhtiting, obft«rveU tn the arrajr asva on 4 Jayt «Jurtii{ thi» <|uarter. caufte«! 
no kACMn jjaucc to IIÜü inttruwiKjtion.     the »is ii|htninc-cau»rJ failure» 
note«! in ••cliun J  It» ar« '.»clicvcj to have retultcJ fro« earlier Itghtninf 
»ton».    itoMover, heavy precipitation aJvertely affoctc«! field Inttmscni 
perforakUK-e.    ium or »no«,  falling «luring 2i Jays.  Introduce«! aolature into 
«um  field vircuit».  cau*ln£ then to becoae noiiy. 

.MU    SPIKAL-FUUK LABUS 

Ihere were 7o »piral-4 cable a»»eably- failures during October, Vovert>e., and 
iiecertier 1971.    Four «ere cai^ed bjr vandal is«,  19 by cable deterioration, 
IS by aoiature. 25 by roud graders, o by lightning,  1 by gnaxing aniaals, 
and If by pulpnood cutters,     fliese were repaired by replacing 43 quarter-aile 
sections of caüle, nuking 21 splices,  rebuilding t. splice boxes, and cleaning 
ti hocks. 

Uo «lies of cable to the 222 site were found üaaageJ in niuwrous places 
by heavy equipnent used by contractors cutting pulpwood for Southwest Forest 
Industries.     \s this was tlic second tine that TFSO cal»lc was Jaamgcd by these 
pul|iwooJ cutters, a furnul conplaint has registered with Southwest Forest 
Industries. 

Cables to ten other short-period array sites were also damaged by heavy equip- 
■ent. soae in numerous places within a quarter-oile section.    All  this damage 
has found Mtr roads and .teep trails recently repaired and upgraded by the 
(onto Forest National Lngineer Service.    Meetings were held with representa- 
tives of this organisation to discuss the problem and to make plans for the 
coordination of activities to minimise or prevent  further cable Jamagc. 

2.11 muKkxum OF LPU 

l nj'.ineering Change Proposal No.   1. which describes the work  required to 
relocate  field site LPo and  indicates the need for this change, was sub- 
mitted un ^- üctober.    On -" December 1971, we received a request  from ASD 
to submit  a proposal breaking down the costs  in greater detail  than  in the 
original  engineering change proposal.    Our response is being prepared and 
will be submitted as  requested. 

In response to the 17 November letter from the Phoenix office of the United 
States Forest Service to the IVeject Office, we arc submitting a new set of 
plans for the 700 feet of road  into the proposed relocation site. 
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y   i\sintm.\i UAUMIKA 

5.1   UJV.-PUKNI iKiA\iAt srsim 

Necoriing of 4»t» from the loog-pvrioü trt«Aial  »titwm »«• »topprj on 
14 October. anJ povor to inMruavntatian in that  »jrtt«« wo» liii owifirtnl 

j.:   sium-pimuu FIU-LLDLVI SIAIIUX 

Itecorütnf of «lota fro« the »hor«-period fiw-oloaoal ttotion wo» »toppoU 
on 14 October, oml the roJlo telraetr>  «nJ othor Rcaoto Operating lo^illljr 
(ROF)  equtpncnl  HS« re«neJ  fraa the field.    All  five borehole »euaoafter*. 
their reoote teralnol unit«, and interconnecting cablet »ere left a» original 1« 
inttalled. 

3.J    U1G1TAL UVIV-RWüIVÜ Ü.UA AL^Ul&lllON SYSILN 

lite digital gain-ranging dafa acquisition «ytte« «.a» derated continiHMMlv 
except  for record change and routine aaintenance durinc October. Voveaber, 
and üecenber.    On lb Uecenber, the «tart-up procedure wa» nodlf^d to laproer 
transport «tartlng reliability   and to ellalnate the generation of a «ord 
length error flag during «tart-up. 

3.4    ASTROUATA SLISMIC ÜAIA  \(jgUlSllla\ StSWl 

The Astrodata selsnlc data acquisition systea «as derated routlnel)  throujrh- 
out the report period,    'iaintenance to the systea Included routine cleaning, 
tape head realignaent, drag brake repairs, and the replaceaent of brake pin«, 
a vacuua notor,  a fuse,  and a read card. 

3.s   miiüiA,v:m ULILR 

Die aultlchannel  filter  (MCI-) was not used froa IT August to 17 W%-efli>er 
because »any of the short-period array channel*  that   fumith data to the 
Hi  were noisy or coapletely inoperative.    Since 1? Noveaber. data froa II 
through Z19 have been processed and recorwed using the fol lotting  foraat, 
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lithar thrtaliol«! «at to :*0t • &b \' 

Ihv 'k i  «a» put   into «iptfiMtion «Ithout  It» ill  filler, «huh 
«kfacttva anJ va» raturned la it» «jnuf^turar for rapaira. 

i.a  «jiuin lUiiuLiuu Mirru STSIIM 

fh%' (rjtitf-fctfJ chwttf«! »uppty «fata«» doaJ la th* loag>pario«l navalocorlar» 
apvrjtod Mtchoot  fjilurc, Hal ilieaa tMa4 to tuftplr lha fuing •olutloa to lHa 
•tiorl*p«rtoJ iNrvvl^wjirJcr» fallaJ «n* lacraating freqwcocr a» tlio arvraf« 
outJour traf^rjiure Jmfpvii.     ltta«f>t» to »ol»c tlilt probla« by claaalag 
Ilia »jrala«. r«flacing contrvl vait«*, and heating tho control valw. h«v« 
not boon »uccot^fiil  la rovtoring rvllottle operation.    11  It plaiMMNl to 
reinstall paritlalllc pu"p<*  in all but  I or J of Ilia »hori•period Oavolocorlor» 
until thi» pruMe» can bo »olrod.    «<od filn «pialltf «a« mainiainod during 
thi» report period by nuntuli*   fittng «isd «••niaf fila» fro» i*r«rlocord»tr> 
Mho«« choa^cal  tuppty •ftloa»  failed daring uMMnned* ni^ittin« opemiiao. 

I.?   uiiw1 u Luw-nilu* si ivuuuni 

«he extended long-period »elaaograph.  Z\W, »at operated at a nngniftcatifm 
of I44ik throu^iout the report period. 

1.1    »i«l-rtklUli.  17.bLLMLVI   IMUf 

io«ordlng of «hort»period airae chanreU 121 throo^i 117 mm dlacontinued 
on la October bocauaa onljr one of theae ctiaimal* «a» oparatlvo. 

.|o. 

m *: i 



I.f    UMC-PfAlOb JMA« 

li»« ;»irv trlcfiMinc ct/i'cwii  to the U'J site «as change«! to a 4-wirc circuit 
bf HouKSaia aw!l.     Ihe not vtrcuit.   in»talle«i at no charco, will permit 
tssn»m**inm of lnoih «tat« an«! calibration data via telephone circuits.    Before 
thm cteaage.  calll*r«i loti* «ere traaaaltted to IP2 via the HZ calibration 
«.able, «kidi I» not presently m »ervic«. 

i lo  giuaii: 4cauMM.iii 

an    II Ur«.e«i»er a preliatnarv plan for the evaluation of the Block and 
Vhmrv ^yarts accel/roaeter «aa aiamttted to the Project Office.    A sugsestcd 
am aclMdhile and budfetarr laforaitlon «or» Included in the plan. 

4.   mniui otsuvAnaiT FWILIIILS AND 
ASSISIAXU  10 OllUlt Oln.V\|-\Ilo\S 

4.1 UiisiA,wi nuviuui 

ivtal Informal ton «aa fumithed to MT. >. Penon. Oceanic Survey, and to 
Sir. Jak« HMdric&a.  Aatrofvologual Canter, Flagataff, Arizona. 

4.2 VlSIIUi» 

Hr. Id tarlMn, of Ilia united itate» iore*t Semce. and 'leaara.    hiMi.i« \. 
iauci and Kobert I. lundia. ttudent  ceologut* fron the ArUona State 
Unlvanitf, vuited JfSo on ii U»ce«d*er and «ere conducted on a tour of the 
facillllaa. 
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£ 7 JAN 1971 
STATEMENT OF WORK TO BE DONE 

(AFTAC Project Authorization No. VELA T/2704/3/ASD) 

1. Objectives. The Tonto Forest Seis^olosical Observatory (TFSO) is 
ur.'que in ics low level of background seismic noise ~nd in. its Ci-pc- 
bility as a research center, baing equipped with various Jilrr., paper 
and analog and digital recorders, a shake table, a large walk-in vault 
for instrument evaluation, and assorted test and measurement equipmcr.c. 
The purpose of this project is to operate this observatory as a source of 
high-quality seismological data for use in Government-sponsored research 
projects, to use the TFSO as  a field test site for evaluation of new 
seismological instrumentation and procedures, and to support other 
research projects as identified by the project officer. This project 
should require a manning level of approximately five man-years, 

2. Tasks. 

a. Operation. 

(.) Continue operating the TFSO according to established 
procedures (Standard Operating Procedures for TFSO, 1 Nov 1970), providing 
recorded data to the Government, Special data requirements anticipated 
will include, but not be limited to, recording signals from special events 
at ühe Nevada Test Site and supplying beam-formed or multichannel filtered 
data for use in evaluation of the effectiveness of the ARPA long-period 
arrays: Montana Large Aperture Seismic Array, Alaskan Long-Period Array, 
and Norwegian Seismic Array, 

(2) Quality control the data acruisition systems and evaluate 
the seismic data recorded to determine optimum operating characteristics 
and perform research to improve operating parameters to provide the most 
effective observatory practicable, Major reconfigurations in equipment, 
those requiring more uhan 48 hours to remove, are subject to prior 
approval by the project officer. 

(3) Provide use of observatory facilities and seismological ca:a 
to requesting organizations and individuals as identified by the project 
officer. 

(4) Maintain, repair, protect, and preserve the facilities of 
TFSO in good physical condition in accordance with sound industrial 
practice. 

b. Instrument Evaluation, 

(l)    Evaluate the performance characteristics of experimental 
equipmen-  identified by the project officer.    This v.'ork involves 
in  .stigation of such components as seismometers and amplifiers, 
combinations of components such as are involved in lightning protection 

^ Atch V 
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improvement, and altered modes of operation .such as radio transmission 
of data. These necessary investigations will be initiated only after 
advances in the state-of-the-art identify problems needing work. At 
present, the following areas for possible investigation arc: 

(a) Long-term field testing of a new version of the 
Geotech 23900 long-period seismometer incorporating an internal feed- 
back system. 

(b) Test and evaluation of a horizontal short-period 
array according to existing general operating procedures contained in 
Standard Operating Procedures for TFSO, 1 Nov 1970. 

(c) Evaluation of an intermediate-frequency range system 
to be provided by the Government f  recording of reflected body phases, 

(d) Evaluation of special on-lifie signal detection 
algorithms. 

(2) Maintain the equipment necessary to perform the above 
mentioned evaluations, including the shake table, signal conditioning 
and recording equipment, test and calibration instrumentation, and film 
v.cwers, 

c. Upon identification and prior to the disposition-of any equip- 
ment determined to be excess to the needs of the project, the contractor 
shall notify the project officer. 
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