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INTRODUCTION

The Research on Operations-Limiting Visual Extinction (RESOLVE) project is
sponsored by the Department of Defense (DOD) and stems from a concern that
visibility in the areas of the China Lake Naval Weapons Center (NWC), Edwards
Air Force Base (AFB), and Fort Irwin National Training Center has declined over
the years since these bases were established. Since NWC and Edwards are major and
unique national weapons and aircraft test areas that rely on optical tracking as
part of the test process, further degradation of visibility has the potential to
hamper test activities affecting national security (Reference 1).

The objectivei of RESOLVE are'

0 To understand the effect of present air pollution sources on visibility
in the testing region airspace (R2508 airspace) and to identify the major
pollutant sources and transport routes that contribute to visibility
degradation.

0 To determine baseline and spatial and temporal variability and trends
for atmospheric visibility, aerosol characteristics, and related meteorological
parameters in the study area, with special emphasis on selected locations
at the military facilities.

These objectives will be met by conducting a monitoring program in the study area
with both continuous and short-term (special study) activities. Continuous moni-
toring began in 1983 and will continue into 1985. The data collected will be
analyzed to meet the above objectives.

Quality assurance concerns have been key factors in planning and implementing
RISOIVE. From the project's initial conception, decisions have been guided by the
requirements of many aspects of quality assurance. These aspects included (I)
proicet organization, (2) network design and planning, (3) preliminary equipment
prcparation and testing, (4) network operation (data collection and processing),
(51 ,ernal quality control, and (6) external audit procedures.

l1hs report focuses on the role and effect of quality assurance activities in
the routme monitoring portion of the project. Data recovery statistics for the
minal If0 ionths of operation are presented, along with precision and stability

11tma I., for nephclometers and teleradiometers.
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PROJECT D)ESCRIPTION

ORGANIZATION

llic organizat ion chart (Figure 1) indicates the roles of' the miany cooperating
groups and interested parties participating in RESOLVI. 1)01 has assigned project
coordination to NWC. The routine monitoring and sonic of' (ilie other aspects of'
R[SOLV are being managed by the Enivironmiental Protection Agency's (EPA)
Liivironinital Monitoring Systemns Laboratory in Las Vegas (ISL-LV . Much of the
actual work is b)eing perl'ormedl by E:MSL-LV or DOD1 contractors, subcontractors.
and consul tanuts, including Lockheed Enigineering and Ma nagement Services Co.. Inc.
IL 'S( '). tlie Uniiiversi ty ot' (al ifornia at D~avis Gl( ). obal ( eocheiniistr\,

Co( rporat ion ((C'.Rockwell International, Sonoma lech nohogy. Inc.. and Santa Fe
Research. Inc.

RESOLVE

Organization

anddaa roesin espe anaydi tpleaning Asac

Loched Pee Dvi.rPA Constrandts

Moitrig peatGeoPtceD nepemittry Ineraltoa

S A key f'eatu're of' tlie prolect organizat ion is (lie broad base of' input ('or
decision ink ing. NW( has provided miechanismns ('or the technical consultants. E-PA,

'1 ). anrd the research and tech nical coITmunity iii genecral to be in1volved in

4
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project planning. 'File project plan, distributed to the technical community for
review in the early planning stages of the project, received numerous comments from
the technical community and was revised accordingly. While the study is in process,
NWC plans to issue a series of reports on a number of topics including preliminary
data analysis results, quality assurance and standard operating procedures, and
synoptic and historical meteorological analyses. among others.

NETWORK DESIGN AND PLANNING

An appreciation of the geographic and air pollution characteristics on the
project area (Figure 2) is important to understanding the monitoring approach. The
southern California desert area, in the rain shadow of' the Sierra Nevada and
transverse mountain ranges, consists of' low desert valleys separated by mountains.
Mining, tourism, and military activities, with supporting residential and commercial
activities centered in scattered small towns, characterize this generally unpopulated
area. Itxcept for the mining and tourism mentioned, the area has few local air
pollution sources. However, due to their proximity, the Los Angeles urban area
and the San Joaquin Valley agricultural and industrial areas influence visibility
and air quality in the R2508 airspace (References 2 and 3). The mountains that
form the western and southern borders of the desert serve to control the spread of
pollutants from these areas. Polluted air masses must flow through the passes or go
over the mountain tops as they move into the desert. Land to the north and east
of the military facilities is largely vacant, and not expected to be a source of
polluted air masses. However, dry lakes in the desert regions are a source of wind-
blown dust and can contribute to localized visibility impairment under high wind
conditions.

The design of the RESOLVE monitoring network is compatible both with
networks proposed by the California Air Resources Board (CARB) and to the
network being implemented by the multi-organization Subregional Cooperative
I-lectric Utility, National Park Service, and Environmental Protection Agency Study
(SCINIS) in the desert southwest. In choosing monitoring station locations, study
objectives, siting criteria, and budget restrictions were considered. Siting criteria
require the site to ,e () representative of an area a minimum of 20 to 30
kilometers in radius. (2) either source or receptor oriented, (3) remote from local
soirces of particles, (4) on good access roads, and (5) near commercial power. A
total of eight sites. listed in Table I, and shown on Figure 2, were selected. Four
of these China Lake NWC, Randsburg Wash NWC, Edwards AFB, and Fort Irwin
are considered primary sites though they do not have identical instrumentation.
[he four primary, receptor-oriented sites will establish baseline visibility for the
military fkicilities. Each of the primary sites has a history of earlier measurements.

5
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TABLE 1. RESOLVE Monitoring Stations and E(quipment.

\Monitoring stations

i nahrds China Lake Bandsb Fort Big Tehachapi Soledad Cajon Tta
AFB NWC N\VC Ir\ in Pine Pass Pass pass

Nuphelonieter I 1 1 1 1 1 1 S

Heated nephelometer I
a 
1I 2

(:ontinuous telradiometer 2 1 3 6

Camera 2 1 1 3 7
RESOLVE !x4 particle

sampler
1

' 1 1 I 1 7
Dichotomo,is sampler I 1 2
DRUM(' particle sampler To he moved between sites 4
Wind speed. wind direction.

temperature 11 1 1 I 1 1 8

Dewpoint I 1 1 4
Relative humidity 1 1 1 1 4
Solar radiation .

d 
I

Sateihte data system I 1 1 1 1 1 7

Cassette tape data ssstem I 1 1 4
Strip chart recorders t 1 1 1 1 1 l0

Radiosonde tupper air wind
speed. win] direction.
temperature: and fl) I I

U To be swit(lied automatically hetwv en heated and ambient temperature inlets. These have been fmnded and

proided to the studs b. the Western Oil and Gas Association O(%OGA). Planned installation: Auitist 1984.
2x4 refers to collection in t\wo size rances of a total of 4 simultaneous samples i1 total. d < It) .m: 3 fine.

\Multistage rotating DRU \1 impactor.

N, t collocated %% ith monitoring site. Operated b% DOD personnel.

The other four sites are secondary, or source-oriented, with three located in
key passes and one in the northern portion of the R2508 airspace. The three passes
arc fehachapi Pass. to represent airtlow from San Joaquin Valley, and Soledad and
(ijon Passes. to represent the airflows from the Los Angeles basin. Two passes
\crc clected to characterize the [os Angeles urban area aerosols because of the
.irca', larue ,ize and inhomogeneous distribution of pollutant sources. In contrast.
tile ,)uthcrn part o the San Joaquin Valley contains fewer types of sources. The
purpose o1 the Big Pine site is to determine visibility conditions and particulate
.Jiaracteristics in the northern portion of the R2508 airspace.

EQUIPMENT, PREPARATION, AND TESTING

Taible I lists the monitoring equipment operating at each station. All sites
haive nephelometers. RFSOLVE 2x4 (a collection in two size ranges ot a total
of four simultaneous samples ( I coarse, < 10urn: 3 fine, < 2.Spm)) or Sierra
dichotomous particle samplers, and meteorological sensors. The receptor sites have a
second means of monitoring visibility. i.e.. teleradiometer and.'or camera. A number

7
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tditlier inedstureiiieiits using" heated nleplielolitles arid I )avis Roti ig (I. ilersall

I clialiai ad I Thrd. le I'01.ti11 011C will he uISed I[or spCciall stuldIeS unltil thle
t'all ol 194

State-ot-the-art satellite yeeeiV SStenisl ,ire use.d to prIoceSS tile COIlIi litioWs
in' irotorimn data A each site to hourly averages miid standa' rd deviations. These

JiiOC55 (1d dta1 are i%AHIahC Miid upldated A Icast ekvery 3 hours through tlie National
I 1n\1irinicrital Satellite tacilities. Tile Choice o1' Satellite telemeItry' as thle malinl data
ti l Icc trimii svsten W ithI a cassette tape collect ion systeni as hack up1 wats a keN
k10ccisi101 %% it III a numb11er oh, ra lifc a t io ns. These ra11i i .io 11S inludeICI (1I ) dlata

aI I I t ) 111 Io revic\A 1) a project scientist tilie dayV alter' t1 Zhey aecollected. (2)
[iii ~ O icsiri2 Iii A t;sta tin us red ti i work performed by dat a perso nnel, and ( 3

ci ulcer ron of' data rtcitnirldanicv minimizing dlata loss Caused by dlata system mnal-
tWiltIli. licause" inlst mniilu 'Ailures can be detected quickly. and a tchnm

r)rilck\ thle situiation, data recovery is improxed.

III clionsi nu c 01I puint. the desirable qualities ot' standard di/at ionl am'tcts
'110 li lailit', were balanced ag.ainst budet anld equipiment onl hand froml -. rous
,t adwis. III a uniiiIherC of, ca,,ss inlst rumenC~tS Were mo1d it'ied aild IenCI tested eXtenlsively
lxiiire deployimen t to enstire reliable opera tion. [or example. nlumer-ous Me teor-0OlgV
Reseat ' rch. I nc. N RI NIM odel 1500) series and 1 590 series nepheclomecters were Onl
hanid IMIi earlier studies. To ensure unlitbrm oiperating~ characteristics, all were
rebuilt inllndInuIII theC additionl ot, I 0-t urn- potenitiomleters tor adjust zero and gain
aird a rliciecalical test devitc to provide a reliableh~ check Of inlstrument~l drif't within
Ire noma'l iipcratine" ranlge. Niodiliications to the teleradioiieters (NI RI model 3030)
chrire'itd daita loss aiss)ciated With filter tulrret Whleel failure-. Iise lodif'icaions

C I Cr Ace iiiplslierl by anchroring tile tur-ret k heel so 11A olyI thle greenl filter
15.( luoiiaiiieters) is, ill thle light path. ill addit ion, bale'Is Were insta11Ille to mlinlimlize

( Iijdcr1,' lt. cMort ',\ent into preparAtirn Oh the RI SO[NI 2x4 parIt icle
11) 1 clI " tlr,1t wer c rn t- olidIo he unreliable inl initial tests. I1 lie 2\4 is a iel\

lcsreiieit ,iiinplcI that1 uses" a grilul ) of prev iously v A cl-ese COuipolieIts. Tlie
IA rrIl-rt -Ir '.c III t I Will rucrorntCI parItile d 6iametr inlet[ Sk sterIN are( coniinnierciall

11i.C oribe I I, cliic ii)\ ide th tine sample (dIII Iiamte 2.5 ml~icromeers) size Cut.
hftitll (di ii saiiiplcs arc c-ollceteoL silteulyCLS\ or1 Cd~ Ii a plillg peCriod inl

" is A Iii/v Iaec threeC tine1 siIiipeCs andI one total saiiiple ). Mul.tile[ tine
sipe ~Crc des"ired to prVovie si111mlanouIs Use Of ditferent f'ilter materials to

.i11i4m lm iii lmental rul\ sis and carbon analysis, and 110 p);OiIiol dupllicae for
ii ,lit \ issu rame ice ck i n1. Remiovable filter cassettes seeI tir 4le 0ter~ inl tilie

s1inin'c- ind iiiare asIIf1 to 111 ship tIlIe rs to atild fromi thle field, thus minimizing
c' nt~aiiiatiir rstingm- iunn handling under hield conditions. I lie sampler is designled

tI( iipcratlc tor upl to) nine, precdeterlained samrple periods by rotatingl 11tIit itr
ini)t ic1 I Imk s sterir [lit sampler uses electronic pressure tranlsducers aid f'ilter



NWC TP 6591

position indicators to IMeasurC How and filter information that is relayed with
other data via satellite telemetry to [NISL-LV. Particle sampler operating stat us is
then reviewed with other data. After some redesign and extensive inodifications,
because of earlier operational problems, the seven 2x4  samplers were operated
side-by-side iin a comparison test with two virtual impactors (Sierra Iistrumen ts
Model 244 Dichotomous Sampler). These tests were used to evaluate sampler per-
forniance, eliminate detects, develop standard operating procedures, and develop
precision information. A report that discusses the intercomparison results in detail
is in preparation. TO surmmarize, nass and elemental measurements have been in ter-
compared and found to agree satisfactorily, typically within I 0 for the total
samples and writhIin 1i I tfr the fine samples. Plans call for the evaluation of the
2x4 sampler to continue inl the field, at China Lake NW(', where the 2x4 sampler
will be operated routinely side-by-side with a ('ARB-operated dichotomous sampler.

NETWORK OPERATION

it i the exception of the 2x4 and DRUM particle samplers, iietwork
operations hegan in August 1983. The stations became fully operational in April
I W)4 and will con tilliie operation through April 1985. Alter that date, operation
of the stations will cointinLe, but at a reduced level of effort, with emphasis on
uIai ntaiiliig high data recovery at the primary stations. File data recovery target
is 9)0';, coinipu ted for each site and instrument on a quarterly basis. The primary
stations are expected to continue operating indefinitely. The secondary stations
will be removed when they are no longer needed.

With the exception of the Big Pine site, the [ISL-LV support contractor,
1.1-I'MSCO. is responsible for the rou tine operation of' the monitoring network. This
operation illulLides e(uipmeIlt and particle sampler servicing, calibrations, maintenance,
repairs, data processing, quality control, and regular reporting. The Big Pine site is
operated by (;rea t Basin Unilied Air 'ollution ('ontrol District, with data processing
for this site arranged by NWC. Because Big Pine's operation, data collection. and
data processing are different from the other sites, it will 11ot be inchlded in the
d lIti5i5olls tll t fo1llow.

All L.I-MS(() and I PA persolnel assigiled to this project, except for tie field
Operators. are located ill Las Vegas. A full-tisme field operator is responsihle for
routiiC erviciiw and maintenlnc.e oh the five sottlih,,rlniost stations. A part-time
operati r maintains the (hina Lake and Randsburg Wash stations.

Ile chieiiical analyses being performed oil tie 2'\4 particle samples are
descrifbed in1 lable 2. (Gravinietric mass is determined for Ill but tile quartz (carbon)
a n~il,,sis substrate filters. tverv third day, for three primary sites, the total 2x4
parti .le ,aimples aiid onle of the fine fiters are analyied using proton-ilnIiced x-ray
Ceilsi (ms IlPIX.) [ and optical absorption (OAT). Analyses being perlormed for other
,,ites. hor the I)RI M samples and tile methods for selecting 35 days for which tie

9
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optical anialyses are to he performied are discussed elsewherc ( Reterence 1 1. UC(I
prkparcs t be filters for elemental anld mlass analysisaind perfornms particle sample
tn11lst'6 PC' prekpares the (qtlar-t filters and erbmin total and organlic carb-onl

tive.1wsamlples" front thle Big Pine and ( hinla Lake dlichiotomos sampIlers
JIV ~ei~~i mid a nalved by x-rayv lltioresccnce ( XRI:) by ('AR I

TIA'tI.1 2. IiIs.S I:E 2%4 Samipr lilici Analksc%.

> i All Iiltci. S ' third liltcr

(~i iti Iid Ifi fi II

> 2 All liltir'. 75cl hi r d lit(.

d>25la 5 liltur'.'

>2 ~~~ ~dtoa lit II it,'"/vt II1c'

>N~ RNL UAIT ASIRA

0 (~ma lt V ssurnce ct ii tso arc de;seri bdo in dalkociL \\I'llt peard yth

();I IS( wha pi~rpareid a detal cr onioing alulit assmnanqlce aulic-dn

a td rd pcr JSINI igC prtdiitrcs s e idn lc r edi (I dicuion Iwi d i pr iste rum tile

tpecra t inal check s, caIi brat ions, zeio cheek s, and preventlive imlillitela nce. logs and1(
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other forms of docuMen' "ion chain of custody. and data control and validation.

LEMSCO is responsible for processing data to engineering units and providing

statistical and graphic summaries of the data. Data traceability and the validity

of computer algorithms are also discussed in the quality assurance manual.

Instrument operational checks are performed on a weekly basis. Results from

the checks are compared to warning and control limits specified for each instrument

type. (These values typically are warning ±3 to 10% and control ±10 to 25'1,,

depending on instrument type.) If a single value exceeds the warning limit, the

instrument is adjusted. If two consecutive values exceed the warning limit or any

value exceeds the control limit, the instrument is checked for malfunction and

calibrated, and data are invalidated back to the last successful check. Summaries of

some of the operational checks for nephelometer and teleradiometer are presented

in the results section of this report.

Fach particle sample analysis contractor has also provided a detailed analytical

procedures manual including a quality control procedures section. Included in these

manuals are discussions of tile following: repeat analyses, laboratory and field blanks,

analysis-system calibration, filter handling and storage procedures and environment,

logs and other forms of documentation, and data control and validation. Analysis

contractors will process data to engineering units. The elemental and gravimetric

analysis contractor (U('D) also provides statistical and graphic summaries of these

data: EMSL-LV provides these data for the other particle analysis data. The respon-

sible organizations have prepared procedures that allow evaluation of data trace-
ability and the validity of computer algorithms.

UCD has performed elemental analysis by x-ray methods, primarily by PIXE

but including XRF since 1973. Of key importance is how to ensure that tile quoted

value for any element, sodium or heavier, can be traced back to an adequate stan-
dard. The process used has three components:

I. System Design. From the published values of x-ray cross sections. the
areal density of elements can be established to ±15'/,.

2. System Calibration. Thirty-two elements are available commercially in thin,
weighed foils for calibration. Ten of these are analyzed in each run,

calibrating the system to within +15'/,'. Calibration to many standards
reduces this to ±3 ,, absolute.

3. System Verifications. (The numbers in parentheses give the number of
samples involved in the last year.)

a. Internal

(I) Comparison with National Bureau of Standards and U.S. Geological
Survey standards (20).

II

. . .. . .. . .. . . ... . . . . .. .

[" '.' -?. ... ,; ." ..' .. ..'-?- -, '.- .' ." .: . ? . .. - .] -'.- . - . -. -. - - . - . ")-. ..
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(2) P X[ I to XRI: comparisons (2h.

(3) (oIlpalison ()I samelL Sample innII k-acti iiiuilli i?(lll

(4) Sum of* all elements versusN mahSS (1IM1" nldigI. 'I. nd 0) 4 I.

(5) Comparison of' same sample run repeatedly 050).

h. xternal

(1I )Itilorinal in terconiparisons (i.e.. analyticall and chemical) (40).

2) F'ormal third p~arty (i.e., Rockwell) (40).

3) Pu~blishedL studies (x-ray spectrometer, I'PA/1)cpartment of' [nergy.
Visibility Impairment due to Slphur Transport and Transf~ormiation
in tile atmosphere) (36).

*InI summary. over the past decade, all absollute accuracy to ±0'/( over 42
elien Is has been achmieved.

lDetcrm mnat ion of* the gravimetric mnass of' samples collected onl filters is non-
trivial beCcause it involves thle com1parison of' pre- and post-weights differing by only
at 1e w percent. This diffierenice i s particularly true when the pre- and post-
mc~asuremnts occur 30 days apart (at U('D), and mass loadings in clean regions of
tile West of'tenl go beclow I Mg/in13 lfor the sub-2.5 micrometer size range.

LIC I has developed an extensive 22-step protocol f'rom filter mlanu1.1fac tuLre to
archiving saM1ples, inlcllding three electrostatic dc-excitations. 2-week mechanical
relaxations, and other innovative techniques described in detail in the UCD quality
assurance mianual and summarized elsewhere (Reference 4). About 3500 tests were
performed inl thie past 3 years as part of' these protocols (1 4,X of all samples).
showing thle f'ollowing precisions in weighing.

Nuclepore 8.0 micrometer (apiezon coated),
*47-millimeter diameter 0.0±5.7 microgram

N UCIepore 0.3 m icrolileIcr (incoa tedl)
47-millinelur (diamneter 0.2t6.() microgram

I c flon 3.0 inicromneter (ringed).
25-millimeter diameter 0.7±3.7 microgram

Iliese average to be about 0.001 2 '/ of' the mnass of' the blank filter.

E:XTE.RNAL QUALITY ASSURANCE

[ lie puirpose: of' an ex ternal audit programn is to provide ain independent check
()i t ile aldequacy of' eq uipm e mit, supplies. person nel. anmd procedures: to evaluate thle

12
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degree to which procedures are followed: and to provide an opportunity for
remedial action when problems are identified. Rockwell International will perform

five field audits for the seven southernmost sites and laboratory and overall system
audits tfor LEMSCO, UCD, and GGC during tile Course of RESOLVE. Activities

performed by Rockwell include sampler 11ow audits, calibrations, filter analysis
audits, inspection of logs and other documents, review of procedures, and interviews
of personnel. Details of these activities are discussed in Rockwell's audit protocols.
Results from these activities are summarized in audit reports. For the first field
audit, the mean percent difference for nephelometer accuracies at the seven sites
was Il:(. The teleradiometer mean percent difference for apparent contrast was
-16',/"(. Results from the subsequent audits are not yet available.

RESULTS

Results of operational checks for nephelometer and teleradiometer are
presented in this section. In the case of the nephelometer, the operational checks
are analogous to determining precision by making repeated measurements of a
standard of fixed value. Percent precision and accuracy are defined similarly using
the equation

Precision (or Accuracy) (Yi - Xi)/Xi] X 100

wherv

Yi = indicated value from ith check
Xi = known value of check

For precision determination, the standards (clean air and Freon-12) may be the
same as used in the calibration process. For an accuracy determination, the standard
must be different from that used in the routine calibration (Freon-12 for the
RESOLVE nephelometers). Thus, Freon-22 or a second bottle of Freon-12 and

ideally a person other than the regular station operator would be used to establish
nephelometer accuracy. It is not always practical to determine accuracy with
separate personnel. tHowever, Freon-22 is used routinely to check the performance
of the RESOLVE- nephelometers. This procedure has been termed a Freon-22
*iccuracy check.

Figures 3, 4, and 5 are plots of the mean and standard deviation of precision
(or accuracy) calculated seasonally for each site for nephelometer-measured filtered
clean air. Freon-I2. and Freon-22. The precision values are determined for periods
of valid data only. In addition, outliers were identified by Chauvenet's criterion

4 and removed to avoid errors caused by transcription on other non-instrument-related
problems. ('lean air mean precisions (Figure 3) have a positive bias of 3 to 4'.,

13
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it h1 I ~pical stand1(ard dvviaiols (I' abot5 *. [(i I i eon- 12 (I ire 4) there I

I icur- I I ictir 51 with st(iI~I&rd dm~ations ranging fromi I to 1 2'; 1hollgh
tpicL.1 less thani 5, 11 In anN seasons, only onec I roon-22 cliek was perloriicd

mt Lacti site tindicated on file graphs b> a dlot only).

I ise dkt ,I In11dicate thlat tile Iicphtclolik-ers lenid to slightlyk eesilm
scate, iecoc lice nt IlhK 3 to 4';) wh'len it Is near Rayleighi conditions. anld that

10 Lr u)IlIit ionS 01' high scat tering coettaic ent there is lit tle bias (i.e., ex\cellent
repcata bili t onl a wcck-to-weck basis) overall. Si nce data ot' most interest in
R I S( )I\ VI are Ior days with visibilities ranping fromn average to highly impaired.
heise precision valnes 11C satist'actory. The aciracy data ind icate a tendency to

ii deret o teseat tern g coc Ific ien ts by appro x iately W'; for days of' somewhat
\\orse t han Ii erage visibility, bUt this tendency is nearly un i fOrm onl a site-to-site
basis. I 111N. t liou1zli timeIs of' Somciwha t-\worsc- t hani-ave razge visibil ityv are Linrderest iiated

* si ~ighlyv variability from site to site is not large. Thiis variabil ity is consistent with
R )ek ci Is aud it results mnltioned earlier.

40- Nephelometer Precision: Clean Air

30-

20-

10

C
0.1

L.10-Stairon Codes
I EDW Edwards AF8

CHL China Lake Nlwc jMean 1
-20 FOR F I Irwin NTC Standard

RAN Randsburg Wash NWC Deviation
TEN Tehachapi Pass

30- S01 Soledlad Canyon
CAJ Cajon Pass

.40- 1983 1983 1983 1984 1984
Summer Fall Winter Spring

I ItI I I I i II I 1 11

*FIGURE 3. Nephelometer Precision Based on Clean Air.
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0.4- Teleradiometer Ratio Response Test

03

0.2- Teleradiometer Codes
FORI Fort Irwin. Target 1 1Mean
FOR2 Fort Irwin, Target 2 Standard
FOR3 Fort Irwin, Target 3 jDeviation
EDWI Edwards AFO. Target I
EDW2 Edwards AFB. Target 2

0.1-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1993 1983-1984 1984
F;IIl Winter Spring

0.0L~ 1 111 111

A trite prcs9 check for cc teeaio 3: lot Wai acc i 1is3inth

at ~ ~ ~ ~ FGR 6. \' fte eea o eerites. e ApRoiatet eeys otultechostec.d

in) turn is placed in front of thle telerad lonieters and radiance values recorded. Since
ligh ting conditions vary each tinme tile cards are uscd . tilie absolute radiances vary.
I lo% ever. thle ratio of the rad iances is ex pected to remain constanlt. Mean ratios
and 5! auda rd devia tijons for five telerad joneters and thIiree seasons ava ilable are
sin )Wn in IgUre 0. IThc ratios vary from 0.275 to 0.3 30 withI typical vluLes of 0.3

aind standard deviations of' approximlately IV0', otli fis value. While it does not
provide ain cstimal of' precision or accuracy, thlis tecllii(ILue does indicate gross
Chanlges inl telerail oicIcr pertorma nce, both From monthI to monthI and t'roill
site to site.

A simple. overall mneasuire of' thle internal comiparabil ity of' the fine particle
samiiipcs colecc d by the 2 x4 samp llers is dtiermi ned by comnparing thle

- g~~r;1virnictrical ly mecastirecl mass rotul judy a itay/ed on I W() of' theit- tree fille samitples.
- . ~~Correlatlion ailyl i ol tilie fine mlass nmeasu re oil thle two Sam ples tor ah0f h
*seven samplers for thle first 2 months of operation reslts ill a mean correlation

coefficient. r. of' 0.95 wit Il a range Front r = 0.90 to r I1.00. Thus. tile simlitul1-
taile()ls tine samples are highly correlated as desired.
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Pc rc cn t dat a recove ry is anl indeXtht O WL W1C nUsed iii co n text withI precision
aid ac-curacN data anid daita Validation prIocC(dtirCS. canl be uISed to qulantity the
ove.rallnccs 01' a iie;isuiremenil progra ii. lPreen t daita recove rv Ibr a con tinuiouis
nstrirrncnt k compuited mionthily by dividing tire nmber of valid hourly averages by

the totalf inumbier of* hours in the Itiorini and iritiltiplyirig by I 00. For teleradiometer
data. nmaured during 8 daiylighit hou rs on ly ( 0800 to 1 000 inlu~~sive), daita recovery
i coluillitedl inl fihe 1atire1 liriallier. b)ut Lising daylighIt llJIrreasureIrn h1ours rather than
all houirs. F or particle sam ples. collcted Onl a daily basis, daita eccovery is calcullated
sirnilarl)v based on thle totai l nber 01dy na miionth. A summlary of' data
recovery valuies Ibr thle f'irst 10 m)iionths of' RI.SOI.V [ is presented inl Table 3.

I evalI tie represent the 11-monthI averages I'or eajch site by Parameter. for eacti
site overall, andL bor each parameIter Overall. A review 01' th li data recovery valeS
shows t heiii to he generally better than 9)0' '; withI the grand average of' all parameters
anrd all sites at ()I';. IFliese Iiighi-da ta recovery values are at tri buted to th)orough
quality control a nd( the use of' satellite telemetry with rapid data review. At
Tehachapi. tire site with the lowest data recovery I 84' ) fitle reduILced data recovery
is attn in ited to Lu1nusually hiighr winds blowing the meteorological tower over on two
occasions. The tower anchors have since been redesigned. Thie IDRUM particle
sam pler is Umli(ique aiiioiig the instruments listed, as it is thle only one riot incorpo-
rated in thre satellite telemretry system. The data recoveries for the D)RUM samplers
are 11wc lowest at 80"' [lie cause o1' thIis low-data recovery is at trihbr ed to thle lack
o( r MIt icient reCll;lIalI t rriSubstrateCs irlimediately alter depl)OynTient and theC
problei has Oince been remnedijed. Thuis. hfirtmre D)RU M data recoveries are expected
to a pproachr 90 to I100' ; because, thre sampler has proven to be easy to operate.
retia ble. and ruggeL'd.

lAIWl . 3. BEMS()l V1KI. ru h-nct IDala hIui rsb Insirr111ill and~ Station
Imr -nns 1983 'thrmigh May' 1984.

I B vi I \_il Va aP

W(C

9 2 ~ il1 10 93 )it 9

uu]uif uii' It 95 N~ N. A A~ N k Ii
lilY INE \i prlid

li00 Hill 77 15i ii ill 92

75NA N A N k Si6 -1) N Si

di fii .,.1 929 0 1 l l -

N NA N A Y, 5 i SI 13

)p i~fIri.,lI mit die.! mI I'. ruar\ P N 1.

17



C SUMMARY AND CONCLUSIONS

Qlai\assurance has been ()of Iccnie o h RI'SOLVI monitoring

pnt , rnnn fromn Its incepItioti through eaich stage of' thle programlt. I nstrmnenC~tS wAcre
j slec ted. anid III somei ;Icase mo1di tied and tested, Witli thIn go il ot' aclhiev ing reliable

ntne~tnnreWillit wih igl-datai recovery. InI particeuila r, thle praima r\ data recording
s stein operatces by t ranisnmitt ing data values via satellite mlany timeIS daily to thle
projct s malinl coin pu ~ter tacit ities. Th is prompt availability allows prelimi inary review
ot thle previous daly's data tor inst rumtlent inaltunctions. HuMS t'ar, this muonitoring

design hla, resulted inl better than 9O','4 data recovers.

I \ t nsive opera 1ions antd quality con trot procedure documnents Were prepared
a nid are( being followed [o r every phiase of thtle progra ii. Thtese include nu merouis
I)Lrlimrnnnm ice chieck ing procedu res. thle results or' wi i inl Most eaIses, can1 be
tlI tepreteu inn terms, ot p)-ieciotliland aIccuracy. P~reluiinary results ot* such tests tor1
Inc iepheloimter inidica te results Witlli precision and accurac\ of' better than 10'.
Ielerdiotneter HttIeaUremnieits ot' con trast show variability ot' approximately 10,O'
Overall accu racy for elemnentat a nalysis of' particle samles is generally better t han
If), ;, a,, is gravi tiitricalty determi ned mass oti t'itter samples.

i In tiaitis~ to be. atccolnnpliStied Witli reCgard to aNSe'Sinn'- thle overal pte-Cnsi~i
Jnit ofunJc ut ;imns unesniredl by tthis prograiil. line results11 ot 1o\ auditS tuuIISt
be IncorporateIld into tile sampling precision estimates lor partic-relatedl measure-
nnnC lits. Where ICAsiJ ble tine bias associated Witl i acco racy chiecks can be uIsed to
*ndinst data \atues. Finally. f'urthier (1ua lity control atid external quality assurance
dItl resul1ts mlust be coinpiletl atid evaluated.

p1
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