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VERIFICATION OF CORRECTIVE ACTION AND CLOSURE OF DEFICIENCY REPORT
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ASSURANCE DIVISION'S (YMQAD) AUDIT YM-ARP-96-01 OF THE UNIVERSITY OF
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The YMQAD staff has verified the corrective action to DR YM-96-D-010, Revision 1, and
determined the results to be satisfactory. As a result, the DR is considered closed.

If you have any questions, please contact either Robert B. Constable at (702) 794-5580 o
Donald J. Harris at (702) 794-1467.

Richard E. Spence, Director
YMQAD:RBC-2692 Yucca Mountain Quality Assurance Division
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QA: L

PERFORMANCEIDEFICIENCY REPORT
1 Controlling Document: 2 Related Report No.
QARD, DOEIRW-0333P. Rev. 4 YM-WARP-96-01

3 Responsible Organization: 4 Discussed With:
M&O/UNIUSL W. Rodman (USGS)/W. Nicks (NRSL)

5 RequirementIMeasurement Criteria:
QARD, Paragraph 4.2.1 C. 1, Procurement documents shall include a requirement for the supplier to have a documented QA
Program that implements applicable QARD requirements prior to the initiation of work." Paragraph 7.2.2A, "Supplier selection
shall be based on an evaluation, performed before the contract is awarded, of the suppliers' capability to provide items or services
in accordance with the procurement document requirements*.

6 Description of Condition:
Contrary to the above requirements Teledyne Geotech model 18300, Drawing 990-18300-9600 seismometers were procured from
an unqualified supplier whose QA program was not evaluated. The seismometers were provided with Calibration Cerifications
vhich contained tLi Cail Motor Constant =ading, whic6 was subsequently used by LNREL =1- bration input without verifvia,

the acwzl Coil Motor Constant prior to their calibration of the seismometr, Drawing 990-18300-9600, Model 18300, SIN 3183.

7 Initiator f OA RevieA . j

Cond J. HarrisDate f QAR Donaldl. arix Date /to/M

10 Response Due Date 1

20 worlin davs from issuance OA _ _ D__3ate_|__________

12 Remedial Actions:

Investigate the procedure used by the seismorneter manufacturer to determine coil motor constants. Determine if
the procedure meets the requirements of the QARD. If the procedure meets the QARD requirements, qualify the
coil motor constants in accordance with OCRWM approved procedure. If the procedure to determine the coil
motor constant does not meet QARD requirements, evaluate the benefit of qualified magnitudes versus the cost
of verfying all seismometer coil motor constants. Evaluate whether increased magnitude uncertainties are
acceptable to meet project needs.
Responsible Individual: David von Seggren. Due Date: July 31,1996

13 Remedial t 14 Remedial Action Due Date 31 3!, I;!-.

2,Cg~z C. trt,~^Brot Date A,16y/1t Date

15 Remedial Action Response Acceptance 16 PR Verification/Closure

QAR ~ ~ Darte 3/S/96 OAR Date
Cx i b tAR - 1 6 l .1E c s u eR J I U I

-

. ExhibitAP-16QIQ.1 - Rd4. 011UJIVEnclosure
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CA: L

DEFICIENCY REPORT
17 Recommended Actions:
Either qualify the supplier to provide calibration services or verify the Coil Motor Consant Reading prior to use by UNRSL in the::
caJibration.

18 Investigative Actions:

Of the 18 sets of Teledyne Geotech 3-component seismometers installed as part of the Southern Great Basin
Seismic Monitoring Network, all were procured by the USGS in 1990 from an unqualified supplier. Thus none
of the coil motor constants used as calibration input were qualified.
Future procurements for the seismic monitoring effort will be carried out by the M&O rather than the USGS.
The subcontract for UNR and implementation of quality assurance requirments for this scope of work was
transitioned from the USGS to the M&O at the beginning of FY 1996. Thus root cause determination with
respect to USGS procurements is not appropriate.

19 Root Cause Determination:

N/4

20 Action to Preclude Recurrence:

A1A

21 Response by: (y < 22 Corrective Action Completion Due Date:

Act 44 A ) e t71rgDate A_____A__

23 Response Accepted 24 Respon lTtedfit1|I/ a
QAR l Date AOCAM u NO Date 9290

25 AmendedoResponse Accepted 26 Amended Response Accepted

QAR D Date AOQAM Date
27 Corrective Actions Verified 2i8 Cosur q pved* -- ~ I tL

OAR Date AOAM rE 2 Date I.L)
-

Exhibit AP-1 0. 1 Q.2 Rev. 07/03195
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B Deiency Rport

No. YMQAD-96-DO10

PAGE 1 OF 2

GA: L

PERFORMANCEIDEFICIENCY REPORT
1 Controling Document: 2 Related Report No.
QARD, DOEI/RW-0333P, Revision 4 YM-ARP-96-01

3 Responsible Organization: 4 Discussed with:
USGS/UNRSL W. Rodman (USGS)/W.-Nicks (UNRSL)

5 RequirenmentlMeasurement Criteria:
QARD, Paragraph 4.2.1C.1, Procurement documents shall include a requirement for the supplier to have a documented QA program
that implements applicable QARD requirements prior to the initiation of work. Paragraph 7.2.2A,Supplier selection shall be based
on an evaluation, performed before the contract is awarded, of the suppliers capability to provide items or services in accordance
with the procurement document requirements.

6 Description of Condition:
Contrary to the above requirements, Teledyne Geotech model 18300, Drawing 990-18300-9600 seismometers were procured from
an unqualified supplier whose QA program was not evaluated. The seismometers were provided with Calibration Certifications
which contained the Coil Motor Constant reading which was subsequently used by UNRSL as calibration input without veriflying
the actual Coil Motor Constant prior to their calibration of the seismometer, Drawing 990-18300-9600, Model 18300, S/N3183.

17 Initiator /) ( t 9 GA Review

Donald J. Harris ki Date 10/25/95 OAR A tE& / DJe Date
10 Response Due Date 11 (A Issuance Approval

20 working days from issuance OARIPRIA (D IDR. Date

12 Renedial Actions: 7

13 Remedial Action Response By: 14 Remedial Action Due Date

Date Date
I5 Remedial Action Response Acceptance 16 PR VerfficationlClosure

OAR Date OAR Date
Exhibit AP-16.1Q11 Rev. 07103195
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17 Recommended Actions:
Either qualify the supplier to provide calibration services or verify the Coil Motor Constant Reading prior to use by UNRSL in their
calibrations.

18 Investigative Actions:

19 Root Cause Determination:

20 Action to Preclude Recurrence:

21 Response by: 22 Corrective Action Completion Due Date:

Date
23 Response Accepted 24 Response Accepted

QAR Date AOQAMM Date
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Report on Selsmometer Colibradon for the

Southern Great Basin Digital Selsmic Network

David von Segra

University (NWevada, Ren, Seismoloca) Laboratoty

Anmt 28, 19%f

IC Deficleacy Rport YWQAD-96-DO10, R1, it wa eJ U t th acismometer of tho Southen

Ureat basin Digital Semic Network (sGBDSN) we puruniwd fom an unqualified vondor

(Teledyne-Brown Hlgineerig). li output of the selsmometerg (volts) r"itvo o Input

(meten/sc) is given by a factor which is cssrtial for detcaniation of tue ground motion au

recorded seismic data. This factor is given In the specification sheet delivered wih each

seismometer by Teledyne-Browii Eginee . In older o get an acante, qualtied determination

of ths factor, the sismometers would need to be removed from the field sites and sent to a

qualified aboratory where this facr could be measured in qulied manner. As a rnative to
this expensivc, disrptive approach, we have udertken anliysis of real recorded da as

Psented in this rPOt we believe that these rults. although not as accurate s laboratory

determintdons, are sufiently acuat relatire to the ukown effects on roded amplitudes

from 6eimomets. hese effects ar due to variale wai aenuation in tk earh and variable site

effects dependent on local geotogy, among others; tse effects can together cause amplitude

variations several im the uncerta of th soimmetor scale factor. Documontation of the

proedure used in this analysis Is cotied In ScIentific Notebook MD. "Dovelopment of the

Central Hardwa and Software Facitiq for the SOBDSN* 
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The calibation procedure it use for t SGH3SI) selsmomm is gven In dotai1 In NWI-U-

001 (draft) and will not be repeated hec. In essence, ths inditly determines the

vokameter/sec) for each instiumeat by appiaton of a DC cwornt Cirough a calibration coil and

subsequent analysis of the torded respone pulse. The maematical expressions hmly that tht

prritifl

is dimocdy dbtrnined where Os 1 the constant of he seisoDmeter output col [voltIrmeter.ec)j

and Gc is he constant of ihr IC13momor cOitbMion coil (owtonslAMpeM). 8 cn only a.

curamed w1th t w ibration prvoet if Oc h kmowz for mn. In this oS. neither i boow

In a "quiee bmw rluuix both cotants are given by t manufacturr i ir speclfication

sheet. We hve =n t cabW on pwzdw= fi rvr exa months now, and ft rcslts indilwe that

US, as given by the manufatu, s corret If the atd value of Of is assumed to be conrwc.

The problem is to determine thg Ug Is correc Independent or he asarptldo that c b Oswm.

We need to eliminate the possibility that eors in US and (k offs one another, such hat the

product GeGc is unchanged. This elimnotion c b done by. ooicng at 4ctual seismic waves

because orly Gg ffem th aual observed amplitudes. Th calibtion coil constant tic does not

ffwx the nualt. stic einiamewc during omal mording, ly durJuS the brief Calration

windows.

MUg autSoe Way. MOUrcments
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Thgh-frequeny (bout 1 A aud bligher) uignals from eartbquakzs am highly variablv in their

ampltude over even a mall etwork with the 00.kzu twe of the SOD DSN. However,

teteeeismic surface waves a longer periods ame kown to have table mplitudt h kuz waII

variance over such dimensions. Ony by sampig such a tetlvely conswta wavefed =n tht

relaive values of Og be showur to be nearly idetia. by infaence, the vilues of Gc would be

ghown to be. nearly identical. This dots no, however, confrm the atsolute vaiue of eifter Gg or

Ge, which bot may still be in error in a consistentmaner ross al scismometers, but offsetting

one auoter. In order tn verify 0g. we will also measure t 6urface waves on another set of

independent CMG.4 setsmometers manufacted by (aralp Symtms. Four (4) of the current

SOBDSN ttatiOns have mich seismometer; wVile el en (18) have fte S-13 seismomtes. A.

major diffrence between the two instnments is te natal frequency, 1 Hz for the S-13 and

.0333 Hz for the CMG4. f both sets of measurements, from the S- 13 and from the CMG4

geismometeg, wh= reduced to tne grond motion wth the manufacturcr's stated Gg oonstats,

show arly the same values, tls would be son evidence for the coretness of Og In both

ctses.

Of fse many teleseitmlc events retordd by the SGBDSN dujing 1995 and 1996, only a few were

judged suitbl* fo surface-wave measmen. Most eiwts fal to be suitable simply because the

S-1 satoms ar tuned to hlgh fmquenzy recordng. with a seismometer watural frequency of I

Hz. We chose S events a follows!

* year day ti e latitud longlude ggraphic locaion

1 10P5 II7 la!1052 44.66N 149.38E Kuril Isands

2 1096 001 0922'40 0.66N 11092R Mnabassa Pen. Sulawesi

3 1006 120 l52-29 6S2S 154.0F. lomon Islands

4 1PP6 163 19-3500 12.71N 125.OOE Samar,Phflifpine Tslands
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5 1996 218 a:19:21 15.21S 173.37W Tonga Idnd

Beak-to trough amplitodes wer mc n r. ot tbc vear-o omponceat waveforms at a perod of

qppuxitzcly 20 cc ic jac case. Relatlyc arrival ftm ro the SCBDSN for 20-s3c poriod

Rayleigh waves Wr Computed bad on bt ulmuth tv dr eauqnke sousev and tb3c swcr

used to guide the picking of the conmt waveform peatS acrosS the newo& Thtr mzfitudrs wwc

mueasured in counts. Correct convlonv Wm counts to volts depends on knowing tbh DAS A/D

cornversion scale (counts per volt). For pupose of this report we assme ft tis s known

corectly. (We and =ny oter indepudent seismologists have done timeus tests to veaify the

DAS A/D scalin). Those amplitudes tken from the CMG4 sdmometers were converwd to S-

13 tquivae amplitudes. Ths is an hnpoant stop and requires that we use the ratio of the two

manufatren' Gg contants and th ratio of Ix nonalized respoascs at a period of 20 sec. fTus

the equivalent S-1A PIMtiNW. ig

A> A iGg (S-13)1O (CMG.4)]*R (S.13)R (CMG-4)]

where

A Is tht meumud CMO4 mu 3udz

g are Me rtspeedvc gencraor cornws

R ae the rospective arallzed rmponss at 20-w perld

The values for R me read from the response curves at I r 0.05 Hz wbe the high-frequency

portions (> I Hz) am oelain, and te vaues used for G8 am ominrd values taken as averxges of

the actual values given on Ihe manufacur's specification set. The cotrection tactor to be

applied to A was thus cakuled tobe ap imately.231. Values of equivaleAt S-t3 amplitude

A' w ten ahu lateA for the four CM104 staions.
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FIure sws the zusmud vumplileti fir ei u Vm ut vus 1u w¢a. Them ue sevecal mitssin

obevations, and them Ae mostly due to the ft Certain sttons we nut yet iubialled at dr,

tire of the event. Four outlier values were ientfeffin 1 a peImInary pling of daa and were

eiminatod fromtbs analis. A few remafn missIng values ae explaed by sttion downtime

or lack of recordings for some reson.

Pigire I shoWs seeral impDrtt fas. iistdy. for eab evet, the measured amplitudes are

remarkably consi*tent, with a range of only abot 0.1 log units. (We notc that statlon manitudes

for local events typcally have a rnge of 1 0 or more Iie lmita and A standard deviation of several

teth.) Tus, the amplitudes indicate stroty that the. eonsum OS fr t inimnt are with-n

a Mnge as small as or smlex tiha I log unIts. Again, the cotant Go of fte caibratin coil has

no effect hore. Seconaly, tha CMQ 4 amplitudes, after approiate correction to an S-13

a"litude, arm very cloc to thc amplitudos for the =tua S 13 stns. rdly, the ampUtudes fos

a Slvou tallon tend tv be ionsIatunly biasod ative to tc avcrago kvcl for cwbb vczt, idivataS

SMa)I, but constent, itv eieris w IWuWueut CO s.

An apoprae zst zmoael for tc obsczvvd amnpUtudes Is given by

IOg10A ma a i+ I14 loglA; X+ %+t3@e

Where

aQ constant

a, cfft vfith ,uutw (ai amffitude of the ufac waves)

r, a effirx nf jth quitimn (hiax due to Rite gelogy. coupitn. or seis Dmetcr itself)
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e randon, ormally disttib wror trm

I ^ S lmpilhidem airm ws to patially coworat the tou effect and a380 becauSe it is well knoA

that logewirdes. not amplitudes, bWve VOMW divnhuinn In eIsmok1gfal obsMAvtiOns. The
above regresdon, tmned a two-way layout", cn be. solved with missknC obsetvations, a in thir

cm, with only sfightly more programnlng effort. Only the rj results of the. region . of

intzrcst hee; the antilogs of these wc plottd In Fgure 2 vernus tbe Ug stated on the

mnufacturer's pecificasion eet for t S-13 scismometers only. There Is one oudlier point. for

ths SYM tation: snd we believe that te Or aloe is Indeed in error for tis istrument. This
uoraly eMinfnrtos or mict in thr. xrtuml ealibralons discussed above; for those calibration results

alto revealed that the G vue f ths Instrament wis probably measured or eorded in eor.
Pigure 2 shows an pparnt weak corlation between t1w r mMed receiver effect and te stated

S 13 Gg values, We would epect fti roult; the scatter which makes thit poor correlation Is

undoubtedly duo to sitc and propagon cflots on he ltudes. 1Th importat result of Figure

2 though is tht smkll range of computed rCeiyr effects. TWs result indiae; that the

"1vLaxwb crs$ the SOPDSN ar ouiputdg early Idontical amplitudes, to witbin *S. This

Is mporwt evdrzar in vwrinu Iluit we Ninove the Og values to within do =go abo.

The measurements were done on the vertical-componcnt sismometers because the verca

component of te Rayleigh wives i n Mvonccd by he direction ot wave propagation n4 is

generaly of bigher SIN ratio than te compoift horwsaa componts of moon. It order to

make arnme check on the horiztal selsmotmeters. we measmd amplitudes for event S only, and

only on tbi SC9-'1 remrding. The amplitudes, derifwd as S" from t north-south component

and tSEW fo the east-wec ompontv m plt In Fire 3. rhere is much larger scater. as
expect, tha for the vertcal-component results in lYluir 2, which represent n U"yveq) over
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5 cvrnts. it would probably rquiro mcesuroments on tens of events to reduce h horizona-

WVpquet 5ctaft to a lcvcl ataimd fvr tht vori components, but this Ote cvcnt shows t

tetre am no gruss vuziaiub Iic w uuAti matb Os fo horizontal oomporlcnts.

Cc sion f

We have satisfactorily investigited the cowectess of scaling constants tot St13 model

6eismosuetes manufactured by Teledynm-Brown gineerlgu. By utlzla wavefields that am

relatively constant over the 14m apetr of the SGBSI4 (Rayleigh wwves at ec period)

from 5 teleceismic events. we have shown fmc carebu measured amplitudeg that the Gg values

of th. S-13 veirAl-mponent spismnmetmrs muRt have a fairly narrow rage of values (i5%)

and. with one exception; are cosstent with the manufartmcr's val*hi pravided at the time of

Instrument delivery. Tbi6 consistency qarec with our toutite calibration reslts 1o4 thesc

instxbnI t over the pst year.

TMe amlItuds were also =Lued n te mow f of indcpc=dt CMG4 inments (Gurwp

systems); aIlci, Whll WS e amituf* wwe couctcd to equivalent 5-13 oneCS by uing tho

WorMuaton from MtManufawrers, ih twoV ur ap utsuaJ ea vriy dluod, to witn

rozgWy 150 . This provides struil mWubuzitl of t cowecss of the S-13 Ox vaiuvwo 1h

gremiet couk1d ocu ahu L both m ufaturEs ma06 errox6 of stmilar site mad In h tam

dictiow wfbr arasudig or xpozft intneat costantDs, butbis is a very uiikely hypotbesis.

A set of Meamurements from one event on th horizowdl componeats of the S-13 ftnrunenft

ahawcd that thcsc instrumnts were consitet across dw network also, although the scatter was

much a r th e verti~e:l. mphnant. rultz which ere aveaged over five eets. A set of

eval tens of events wouil ptabbly be nessary In attAin a reult for the two horizontal

conpontmts w rahle to tat for ie wetdM eompownt.
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PR/DR CONTINUATION PAGE
VERIFICATION OF CORRECTIVE ACTION FOR DR YM-96-D-0 10, REVISION 1

Block 27 - Corrective Action Verified -

Verified by review of the University of Nevada at Reno, Seismological Laboratory, Rport on seismometer calibration for the
Southern Great Basin Digital Seismic Network', dated August 28, 1996, author David Von Seggern.

The Report's conclusion is the S-13 seismometer instruments procured from Teledyne - Brown Model 18300, coil motor constant
readings used by UNRSL as calibration input were suitable and within an acceptable tolerance for calibration, based on the above
report results. The Report provided an acceptable methodology and confirmed the seismometer is within an acceptable tolerance of
calibration accuracy for their intended application.

!�- ZLIk'1Z Z,-? 11-vic
Donald J. Harris, QAR Date I
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