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I. Introduction 

The summarization and presentation of industrial hygiene data has 

been a point of interest for the Occupational Health Studies Group for a 

number of years. Computer mapping was explored for these purposes by 

Gerb~r. et al .• [1977]. Initial results were very favorably received, 

but the maps produced, of course, interpolated between points where 

measurements were taken and extrapolated to the boundaries of the sampled 

area, corresponding to the segment of the manufacturing process of 

interest. The stability associated with the exposure surface created by 

these programs is uncertain. Direct variance calculations for a specific 

point on the floor plan would be cumbersome since the algorithms utilize 

several local observations and consider their distance from the point on 

the floor plan. Alternatively, the use of a jackknife procedure was 

proposed. This report contains the results of rP.search on the use of 

the jackknife procedure to provide standard error estimates for exposure 

surfaces created from industrial hygiene sampling data. 

II. Description of Industrial Hygiene Data 

The materials for this study were industrial hygiene measurements 

in three different situations, each representing a different type of 

exposure. The floor plan and sample locations for each situation are 

given in Appendix A, along with a listing of the measurements utilized 

in this report. The natural logarithm scale was used in the mapping so 

that the linear interpolation in the mapping programs would be more 

appropriate. 



(1) Situation #1 is the Heavy Duty Tire Building Area of an 

automobile tire and tube manufacturing plant. Hexane and 

toluene measurements are utilized to illustrate the procedure 

for solvents. 
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(2) Situation #2 is a rectangular airplane hangar in which noise 

measurements were recorded at various locations with an airplane 

engine running. Since the noise measurements are on a logarithm 

scale. here the dBA scale, the measurements as recorded were 

used in the mapping program. 

(3) Situation #3 is Banbury and Compound Room in the same automobile 

tire and tube manufacturing plant as in Situation #1. The 

logarithm of total dust was used in the mapping 9rogram. 

III. Computer Mapping Programs 

Two programs, SYMAP and Surface II. can provide a contour map 

display of industrial hygiene data. The SYMAP program was chosen for 

this project because of its simple approach and easy access. The choice 

of whether to map the logarithm of observations. or the original measurements, 

is a more important decision than which program to utilize. A transformation 

of the data so that the linear interpolation and extrapolation procedures 

of these programs provides a reasonable approximation to the exposure 

surface is the more important concern. 

The surface height is represented by the degree 9f shading printed 

on the two dimensional representation of the coordinates of the floor 

plan and sample locutions. See Appendix A for four examples. In these 

examples the maps are created assuming that a smooth continuum underlies 

the data values. For more details the SYMAP manual should be consulted. 
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The SYMAP printer plots for the situations and data presented in 

Appendix A are reproduced in Appendix B. Notice that Situation #1 has 

data for two solvents, hence the four maps for three distinct industrial 

hygiene sampling situations. 

There are several features of these maps that are noteworthy: 

(1) The sampling points are denoted by a ••• or a digit corresponding 

to the category of shading of the exposure height. 

(2) Rather elaborate labeling can also be worked into the output 

as is illustrated with the hexane and toluene data. 

(3) The total range in these maps was divided into four or five 

levels, based upon the median and range of the observed values. 

The actual program deck used to generate the hexane map is listed 

as Appendix C. 

IV. Jackknife Variance Estimation 

The essence of the jackknife procedure is obtaining several parameter 

estimates by successively deleting single observations. The exposure 

level at each coordinate of the contour map is the parameter of interest. 

A jackknife estimate· of the variability of the entire surface, and hence 

each coordinate of the sampled area, is obtained by successively deleting 

each industrial hygiene measurement. For example, in the Heavy Duty 

Tire Building Area 16 hexane measurements were taken. Corresponding to 

the omission of each of the 16 observations in turn, 16 jackknifed maps 

are produced, each based upon the remaining 15 observations. 

To present the procedure algebraically, note that the printer 

plotter map, for exampla those in Appendix B, are composed of a shading 

symbol plotted at each coordinate of the sampled area floor plan. This 
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is the result of a categorization of the smooth exposure level estimates 

created by the computer program. For any_coordinate location on a floor 
" plan, let 9 be the estimated exposure level based upon the full set of 

" industrial hygiene measurements. Let 9_i be the estimated exposure 

level based upon the estimated surface obtained by omitting the ith 

observation. The jackknife procedure calculates the pseudo-values 

~ A 
/D. -= n e - (n-J) 9 · , 

L -~ 
( 1) 

fori = 1, 2, ••• ,n, with n being the number of samples available. 

The jackknifed estimator of the mean surface height at this floor plar. 

coordinate then is 

"1-1 ~ A 
- 1:. e. n i.:., _, (2} 

More importantly, the jackknife procedure provides a distribution-free 

estimate of variance for the parameter estimator, specifically 

A ,.., I 'V t&} ~ -V\-(~----. )- (3) 

Equivalently, the sample variance of the pseudo-values Pi divided by n 

as given in (3) can be computed as follows: 

A 

vreJ - . l.[; l'l ~ 1 (,_,) --'-- I' { 9. - e ),_ 
~ n-1 . ~ •· ' L=l 

(4) 

l': 

where 9_, is the mean of the 9-i' It is form (4) that is utilized in 

the computer programs developed for the purposes of this research. 



Variance (3), or equivalently (4), can also be used to estimate the 
,. 

variance of 9, the surface height estimated at each coordinate using the 

full set of n industrial hygiene samples. 

In general, the jackknife estimator 9 in (2) and 9 are not equal 

and the jackknife variance V(Q) in (3) or (4) is biased, specifically 
" providing a variance for 9 that is too large. However, the use of 

" variance (3) or (4) for 9 then will be conservative. The statistically 

interested reader should examine the review paper by Miller [1974]. The 

focus here is on the use of the jackknife variance as a guide to the 

precision of computer maps for industrial hygiene data. Large sample 

properties of the jackknife procedure are favorable. However, its use 

in small sample situations, such as described by the data in Appendix A, 

should be taken only as a guide to the reliability of exposure level 

estimates from computer mapping programs. 

For the computer mapping application then, the surface height 

estimates for n maps are required. For each map the estimate at each 
" coordinate must be accessed to permit calculation of the 9_i and variance 

" -estimate V(9) in (4). This requires saving the map resulting from each 

deleted industrial hygiene sample so that the.se calculations can then be 

performed. Special programs were required and listings of these are 

contained in Appendix D. 

The need for the jackknife variance estimate requires a more in­

depth description of the SYMAP computer mapping program. The program 

calculates an interpolated or extrapolated value at each coordinate 

within the study area based upon the industrial hygiene sampling data. 
•, 

5 

The interpolation is performed in two steps: first, a primary interpolation 

is made from the generally irregularly-spaced original sample values to 
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a rectangular matrix of the interpolated values. A second linear 

interpolation is made between the locations from the primary interpolation. 

As can be seen, due to the complexity of the two step process of interpolation. 

the dependence of the final interpolated values upon the original 

observations is obscure. making direct computation of the standard error 

of the interpolation intractable. Hence, the rationale for the jackknife 

approach to this problem becomes essentially one of a necessity. 

The sequence of computer programs in Appendix D generates, stores. 

retrieves, computes the jackknife standard deviations on the interpolated 

values and produces a map of the jackknife standard deviations. The 

programs are listed and described below: 

(i) Program #1 produces the SYMAP contour map for the toluene data 

in Appendix A and stores the interpolated values for each 

coordinate of the study area in a SAS data set. 

(ii) Program #2 is a sequence of SYMAP runs in each of which four 

maps are produced as each of four observations is successively 

deleted. Additional JCL is required for each batch of four 

maps that can be produced with one JCL specification of SYMAP. 

Program #2a produces four maps by successively deleting the 

first four observations. Program #2b the next four. and so on 

until the n required maps are produced. These jackknife 

maps contain the interpolated values for each coordinate of 

the study area and are stored in a SAS data set. 

(iii) Program #3 computes the mean and standard deviation of the 

jackknife maps stored by the Program #2 series. 



(iv) Program #4 produces a contour map of the jackknife star~dard 

error of the SYMAP interpolation. The shadings correspond to 

the 0-50, 50-90, 90-99 and over 99 percentile categories of 

the standard errors. 

V. Results 

A. General 
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The jackknife standard deviation maps for the four data sets in 

Appendix A are reproduced in Appendix E. Pair-wise comparison of the 

·contour map for the exposure level of the industrial hygiene measurement 

maps: 81, 82, 83 and 84 of Appendix 8 and the corresponding jackknife 

standard deviation maps: El, E2, E3 and E4, reveals three distinct 

features. 

(1) The least reliable region of the exposure surface is not 

necessarily where the exposures are greatest. The extrapolation 

from areas of high levels to areas of low levels can result in 

the largest standard deviations for· the estimated surface. 

See for example the top (or left) portion of maps 81 and El, 

corresponding to hexane measurements in the heavy duty tire 

building area. Notice that there is no replicate, or neighboring 

sample, in that area of lowest category of exposure level. 

This phenomenon occurs again in the center of the map for 

toluene; see map 82 and the corresponding standard deviations 

in map E2. 

(2) Areas of instability in the estimated exposure levels can 

resu'lt at locations of highest levels also, especially when 

these or.cur near the boundary of the sampled area. Note 



especially the bottom right of the pair of Maps 81 and El and 

Maps 82 and E2. Again a pair of observations at this location 

would have been helpful. 

(3) An area of instability can also appear on the 11shou1der11 

of a peak. See especially Maps 83 and E3 on the diagonal to 

the lower right from the center. This is probably due to the 

inadequacy of the linear extrapolation from the 11 top of the 

hill" to its base. 

B. Approximate Confidence Limits 
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Large sample normality can only be approximately satisfied in these 

applications but affords a guide to constructing approximate confidence 

limits. For a specific point on the floor plan of one of the Appendix B 

maps, the exposure level estimate plus and minus two standard deviations 

from the corresponding E map location provides approximate 95% confidence 

limits on the underlying surface. Linear extrapolation from the centers 

of two adjacent contour heights can be utilized to approximate the 

surface height on the B map, and likewise the standard error on the E map, 

for the location of interest. 

Although the interpolation details of the confidence interval 

construction are left to the reader, it is noteworthy that these limits 

can be very large. For example from the noise map E3, the standard 

error for portions of that map can be in excess of 5.0 dBA units. 

Confidence limits constructed for such areas would be essentially the 

surface height estimate from Map 83 plus and minus 10.0 dBA units. 

These are extremely large limits reflecting a very unstable estimate of 

noise level at some locations. Strategies to reduce such variability 



naturally seem important. The following summary begins to address this 

important point in the section on Industrial Hygiene Survey Design 

Implications. 

VI. Summary and Applications 

A. Summary 

Stabi 1 i ty of SYMAP contour maps was quantified by the use of a 

jackknife estimate of the standard deviation. Programs and P.xamples 

were provided illustrating the results obtainable in a variety of 

industrial hygiene sampling situations. 

B. Industrial Hygiene Survey Design Implications 

One observation seems to be apparent from the results of this 

research. A tool is available to assist in the design of industrial 

hygiene sampling. Objective means to represent the variance of an 

estimated exposure surface is available from the maps of Appendix E. 

Simulation, for example, could be utilized to allocate a fixed number of 

industrial hygiene samples that would "minimize" the jackknife standard 

deviation surface map. Various criteria cctlld be proposed to detail 

what "minimize" is to mean. 
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Setting such criteria specificatior'< aside, as they would require 

substantial discussion, consider the following illustration. In Figure Fl 

of Appendix F, the relocation of two samples for total dust in the 

banbury and compounding area is indicated by arrows. After relocation 

of the sampling site, they are also assigned values representative of 

the logarithm of total dust at their new site. Figure F2 is a reduced 

version of Map 94, representing the "before" contour map. Figure F3 is 
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the 3ame reduction of a SYMAP with the two relocated and adjusted va 1 ues. 

This is the "after" SYMAP contour map. These two rnaps are very comparable 

as estimates of the logarithm of total dust in this banbury and compounding 

area. 

Figur~~ F4 is the same scale reduction of the jackknife standard 

deviation map for the 11 before" situation, specifically a reduction of 

Map E4. Map ES is the same scale reduction of the jackknife standard 

deviation surface for the "after" relocation and adjustment of the two 

samples. It should be clear that substantial gains have been made in 

stabilizing the surface estimate with the relocated sample sites with 

presumed levels representative of their new vicinity. The same number 

of samples were available for the "before" and "after11 scenarios. 

Table Fl contains a quantitative comparison of the quantities of 

the coefficient of variation for the original scale map. This is 

equivalent to the jackknife standard deviations of the logarithm of 

milligrams per cubic meter of dust as noted in the footnote of Table Fl. 

Clearly a substantial reduction in the surface variability has been 

achieved by the relocation and adjustment of these two observations. 

Of course, this illustration is somewhat contrived. However, it 

was motivated by the findings described in Section V, especially (1) and 

(2). Two areas of Map 84 with large s.tandard deviations were noteably 

improved by providing a neighboring replicate in these areas. 

The programs deve 1 oped by this research pro vi de the opportunity for 

improved industrial hygiene sampling design, especially if computer 

contour maps become a fashionable summarization of industrial hygiene 

surveys. 



C. Personal and Area Sample Comparison and Usage 

Jones and Harris [1981] utilized computer mapping tn determ'•ne 

exposure levels at all stations in a work area. Fixed location charcoal 

tube sampling results and time weighted averages based upon percentage 
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of time spent at various locations were thereby computed. These were 

contrasted with personal charcoal tube sampling results taken simultaneously 

with the area samples. 

The procedure was quite successful and the interested reader is 

referred to their presentation for more detail. Although the jackknife 

variance programs presented here were not available at the time of their 

research, they now could be utilized to compute standard deviations for 

the time weighted averages created from the fixed point charcoal tube 

samples and percentage of time spent at each work station. 

D. Other Applications 

The maps presented here are for daily averages, that is fixed time 

snapshots. In situations where waves of exposures may relate to process 

cycles over shorter periods, for example hourly, a series of two or three 

maps and companion jackknife variance maps could present a moving picture. 

A sequence of daily weather maps, showing high and low pressure locations, 

presents considerable information on change. Applied to industrial 

hygiene sampling situations, the change, as well as the level of exposure, 

could be presented. Protection of workers to the greatest exposures by 

management of time-space location of employees could thereby be enhanced. 

As a last note, heat exposure could also be very naturally presented 

by contour maps and the stability of the.ie exposures documented by the 

jackknife procedures described in this research report. 
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Appendix A: Industrial Hygiene Data 

Table Al. Coordinates of Boundaries of Section #1: Heavy Duty Tire 
Building Area 

Table A2. Hexane and Toluene Measurements and the Sample Locations 
in Section #1 

Table A3. Coordinates of Boundaries of Section #2: Airplane Hangar 

Table A4. Noise Measurements and the Sample Locations in Section #2 

Table AS. Coordinates of Boundaries of Section #3: Banbury and 
Compounding Area 

Table A6. Total Dust Measurements and the Sample Locations in Section #3 

Figure Al. Schematic of Heavy Duty Tire Building 

Figure A2. Schematic of Airplane Hangar 

Figure A3. Schematic of Banbury and Compounding 
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Table Al. Coordinates of Boundaries of Section #1: 
Heavy Duty Tire Building Area 

Corner Coordinates 

# Down Across 

1 0.49 2.41 

2 0.49 8.86 

3 26.01 8.86 

4 26.01 2.73 

5 14.34 2.73 

6 14.08 2.41 



Observation 
# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Source: 

Table A2. Hexane and Toluene Measurements and. 
the Sample Locations in Section #1 

Hexane Measurements Toluene Measurements 
Value in PPM Value in Log Scale Value in PPM Value in Log Scale 

2.70 0.99 0.15 -1.897 

11.36 2.43 0.53 -0.635 

18.97 2.94 0.93 -0.073 

14.04 2.64 0.98 -0.020 

74.12 4.31 3.18 1.157 

85.75 4.45 3.94 1.371 

11.75 2.46 0.68 -0.386 

19.75 2.98 0.91 -0.094 

14.53 2.68 0.86 -0.151 

40.46 3.70 2.14 0.761 

34.59 3.54 1.67 0.513 

31.69 3.46 1.80 0.588 

189.48 . 5.24 9.76 2.278 

6.81 1.92 ' 0.34 -1.079 

7.13 1.96 0.55 -0.598 

6.42 1.86 0.55 -0.598 

Crume (1982) 

Coordinates 
Down Across 

3.46 7.92 

3.46 4.19 

6.92 5.51 

9.76 4.08 

10.48 6.28 

12.55 8.16 

15.17 6.44 

16.04 3.41 

20.26 5.16 

23.82 3.17 

5.70 8.76 

9.46 7.76 

12.93 5.81 

19.83 7.72 

21.82 7.36 

17.69 8.22 
_, 
U1 



Table A3. Coordinates of Boundaries of Section #2: 
Airplane Hangar 

Corner Coordinates 

# Down Across 

0.0 0.0 

2 0.0 5.30 

3 0.70 5.30 

4 0.70 5.85 

5 1.00 5.85 

6 1.00 6.30 

7 5.00 6.30 

8 5.00 5.85 

9 5.30 5.85 

10 5.30 5.30 

12 6.00 0.0 



Table A4. Noise Measurements and Sample Locations in Section #2 

Observation Noise Measurement Coordinate 
# dBA Scale Down Across 

1 90.0 0.20 0.20 
2 91.0 0.20 3.20 
3 88.0 1.00 5.80 
4 92.0 1.50 1.60 
5 98.0 1.50 3.20 
6 92.0 1.50 4.80 
7 91.0 3.00 0.20 
8 98.0 3.00 1.60 
9 102.0 3.00 3.20 

10 93.0 3.00 4.80 
11 .. 90.0 3.00 6.30 
12 91.0 4.50 1.60 
13 99.0 4.50 3.20 
14 94.0 4.50 4.80 
15 89.0 5.00 5.80 
16 90.0 5.80 0.20 
17 93.0 5.80 3.20 

Source: Harper (1981) 



Table AS. Coordinates of Boundaries of Section #3: 
Banbury and Compounding Area 

Corner Coordinates 

# Down Across 

0.17 0.16 
2 0.19 7.29 
3 5.42 7.31 
4 5.43 16.32 
5 6.60 15.25 
6 7.97 15.27 
7 7.98 15.73 
8 8.93 15.72 
9 8.90 13.94 

10 8.60 13.63 
11 6.61 13.62 
12 6.60 15.25 
13 5.43 16.32 
14 11.02 16.32 
15 11.02 0.15 
16 7.26 0.15 
17 7.26 0.85 
18 ,3:23 0.85 
19 3.23 0.15 



Table A6. Total Dust Measurements and the 
Sample Locations in Section #3 

Observation Noise Measurement 
# Value Value in Log Scale 

0.60 -0.51 
2 0.34 -1.08 
3 0.47 -0.75 
4 0.43 -0.84 
5 0.30 -1.20 
6 0.57 -0.56 
7 0.73 -0.31 
8 0.35 -1.05 
9 0.29 -1.24 

10 0.77 -1.00 
11 0.27 -1.31 
12 0.66 -0.42 
13 0. 71 -0.34 
14 0.80 0.05 
15 0.97 -0.03 
16 0.46 -0.78 . 

17 1.40 -1.27 
18 1. 70 0.53 
19 1.29 0.25 
20 1.57 0.41 
21 0.37 -0.99 
22 0.40 -0.92 
23 1.52 0.42 
24 0.57 -0.56 
25 0.29 -1.24 

Coordinates 
Down Across 

1.07 4.12 
2.17 6.23 
2.48 4.88 
2.64 2.28 
3.79 5.21 
4.58 5.23 
5.43 5.21 
6.55 6.23 
2.16 1.19 
6.59 4.21 
6.97 1.17 
7.61 4.21 
9.01 5.82 
5.60 9.49 
9.02 4.58 

10.89 5.22 
4.56 1.18 
8.92 2.21 
8.94 1.21 
9.40 3.72 
9.94 8.24 
8.96 9.26 
7.69 9.49 

10.25 12.21 
7.08 13.23 



Figure Al. Schematic of Heavy Duty Tire Building 
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Figure A2. Schematic of Airplane Hangar 
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Figure A3. Schematic of Banbury and C()mpounding 
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Appendix B: SYMAP Contour Maps for Four 
Industrial Hygiene Sampling Measurements 

MAP Bl. Hexane Contours for Heavy Duty Tire Building Area 

MAP B2. Toluene Contours for Heavy Duty Tire Building Area 

MAP 83. Noise Contours for Airplane Hangar 

MAP 84. Total Dust Contours for Banbury and Compounding Area 
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MAP 83. Noise Contours for Airplane Hangar 
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MAP 84. Total Dust Contours for Banbury and Compounding Area 
(Units are logarithm of milligrams per cubic meter) 
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Appendix C: Listing of SYMAP 

Program Deck to Produce Hexane Map 



( 

( 

( 

( 

( 

( 

( 

( 

II* 
II* 
II* 
II* 
II* 

"* "* II* 

-Cl- 29 

U**"'*CONTOUR MAP CF THE HEX4NE DATA (SHIFT 1: JIH\E u. 1980 I****** 
FOR DETAIL USAGE GF SYMAP, CNE SHrULD REFER TC : 

SYMAP LSEF 1 S REFERENCE MANUAL 
RY 

_ J.A. CCUGENIK & D.A. SHEEHAN. 
THE USER-FRC~JCED CATA CONSIST OF THE FCLLOWING PACKAGES: 
4-0UTLINE: 1HIS PACKAGES SPECIFIES THE BCUNDARIES OF THE STUDY A~EA 

II* 6-DATA POINTS: THIS PACKAGE SPECIFIES THE LOCATICN Cf THE DATA 
II* PCINT S 
II• 
IH 
II* 
II* 

"* II* 
II* 

"* II* 
II* 
II* 
II* 
II* 
II* 

C-OTOLENGENDS: THIS PACKAGE IS O~TIONAL ANO C~~ BE USED TO SPECIFY 
T~E SY~BrLISM A~O LCC4TIONS OF ANY SUPPLEMFNTARY INFORMATICN TO BE 
PLACED CN T~E MAP 

E-VALLES: T~IS PACKAGE IS USEC TO DEFINE THE CATA VALUES TO BE 
MAPPED IN Tf-'E StME ORDER AS THEI~ CORRESPCNOING DATA POINTS IN THE 
B-CATA PCINT FACKeGE 

F-MAP: THIS PACKAGE SPECIFIES TO THE PRCGRAM THAT A MAP IS TO BE 
PRnDUCEC LSI~( J"'FCRM4TIC~ CONTAINED IN T~E PREVIOUS PACK4GES. IT 
IS USED TO SPFCIFV TH~ TITLE AND TO OEFINE PRACTICALLY ALL ASPECTS 
CF THE AP,:EeFl!NCE CF THE OUTPUT MAP 

II* EACH PACKAGE IS I~JTIATED BY THE P~CKAGE ~A~E e~c ENCED WIT~ A 
II• •«;9999' Lll'\f 
//STFPl E>IEC ~A~ 

II* 'SCLVENTS• lNC 'LFGEI'IIDS' ARE 2 SAS DATASETS IIIJ THE SAS nAUBASE 
II* 'UNC.GG.E591V.CASTE,..S.HEALTH.CCCUP.OATA•; 'SCLVEI'IITS' CONTAINS 
II* CATA OF ALL CHE~ICALS FOR All OATES AND S~IFTS; 1 LEGE,..DS' CCNTAINS 
II* T~F OTCLEI'\Gf~DS FCR PRINTING THE CHEMICALS, DAT~S AND SHIFTS. THIS 
II* STE~ IS TC SELECT THE APPROPRIATE SUBSET OF CATA"ANC OTOLENGENDS 
II* AS T~E INPUTTING E-VALUES AND C-OTOLENGENDS PACKAGES FCR THE SY~AF. 
//IN On DS~=U,..C.GG.E5qlV.CARSTENS.HEALTH.CCCUP.DATA,CISP=CLn 
//VAtUEl on fl~N=&&DAlAloUNIT=DI SK,SPACE=CTRK,(l,l J It 
II CCB=(RfCF~=FEolRECL=BO,BLKSIZE=l200Q~,DISP=(N~W,PASSt 
//LEGEND DO DSN=&tlEGE,..D,UNIT=DISK,SPAC~=(TRK,(l,lJI, 
II CCB= ( RE CH=Ff, LRECL =AO, BLKS IZE= 120-JO) ,1') 1 SP=( NE"' PASS I 
1/SYS IN IJD * 
CATA CNE; 
*T~lS CATA STEP SfLFCTS All DATA n.F SHIFT 1 Cl'\ JU~F 26*; 

SET IN.SCLVEN1~; 
IF CATE=?6 ANC Sf" IFT=H 

IF SAPIPL E t\E 2 THE!\ DELETE; 
IF LCCATJCN > lf THEN DELETE; 

DATA __ NULL; 
*THIS DATA STEP SELECTS THE HEXANE D4TA AND PUTS T~E~ ON AN OS FILE 

IN T~E FCRMAT CF T~E E-V4LUES PACKAGE FOR THE S~~&P*; 
SET ONf F.~C=ECF; 

FILE PRINT; 



( 

( 

( 

( 

( 

( 

( 

( 

<. 
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JF LfCATIC~ ~E _N_ THEN PUT 'SAMPLE LCCATIG~ ' LOCATION 
1 NOT It\ PCSITICN 1 _N_ 1 AS IT SHOULD BE. ~AP ~AY BE INCORRECT'; 

F ll E V.UUEl; 
PUT ill HEXh~E 10.3 ~73 DATE 4176 SHIFT @78 LCCATICN: 
IF EOF THE~ FUl 41 1 59999 1 ; 

DA U THREE: 
*T~IS CATA STEP TOGETHER WITH THE NFXl CNE PRFPt~E THE C-CTOLENGENDS 
P~CKAGE CN H CS FILE AS INPUT TC THE SYMAPJt; 

SET JN.LEGE~~~ E~D=F.CF: 
IF All= 1 nP 

CHEMICAL~'~EXA~E' CR 
CATE=6 CR 
SHIFT=1: 

CATA _NULL: · 
SFT TWO E~n=ECF; 

FILE LEHI'\D: 
IF _ IC = 1 TH !: N FL T 

ii16 '•' iillO 'A' i1A 1 3.1' ii128 1 1.5 1 1 
alB •4.0' ii28 '1.5' 1 allB •4.0' iil2B •o.s• 1 
iil1R 1 3.1' ii28 '0.5 1 I R!lf! 1 3.1' iil28 1 1.5 1 I 
iil6 1 0' 411i''l 1 A1 418 1 9.0 1 4128 '1.5' I 
4117 •1n.c• a2e '1.5' 1 iil17 •to.o• @28 •0.5' 1 
ana •c;.o• iiZB •o.s• 1 iil18 •9.0' iil2B '1.5' 1 
Cil6 1 C- 1 iJO •A• ~17 1 15.0' 4128 11.5' I 
n: 11 • 16. c • a 2 a • 1 • 5 • 1 iil 1 1 • 16. o • ;;J 2 a • o • s • 1 
.tl17 '15.n• c:2a1 10.5' 1 iil17 '15.0' .il2B •t.5' 1 
i6 'C)IA' ilO 'A' i.l17 1 21.0' 412R 1 1.5 1 I 
@17 '22.0' ii2BI 11.5' I @11 122.0' iil28 1t.lo5 1 I 
iil17 •21.C' ~2a1 •o.s• 1 4117 •21.0• 428 •1.5'/ 
illS '4' ii110 •P• CillA •1.n• Cil27 •-.5' iil31 •11.c• lil41 •e.o• 
i5 '4' iiHO •p• ~1A •1.n• ii>27 •-.5' iil31 •4a.o• G!41 •s.o• 
iil5 '4' lilJO 1 P' U:JB 1 1.0' iil27 •-.5' i31 •7c;.o• iil41 'B.Il' 
iil5 14• a~1•1 'P' (i)18 •1.o• Cil27 •-.5' a31 •uo.• a41 •8.c"'' 
iil5 '4' 4110 •p• iiiJS •1.o• a21 •-.5' iil.31 •111.• iil41 •a.o• 
@5 '2' oH•l 1 P 1 alB '1.0' iil27 •-.5' ii131 'l8oi'' (il41 
illS '2' IillO 1 P' ii18 1 1.0' ii127 •-.5' cil'.31 '49.0' i141 
a:5 •z• mlil •p• iins •t.\1' tJ27 •-.5•·'iil31 •eo.,.,, ro41 
a15 1 4 1 iil10 'P' ~18 '1.0' @27 •-.5' GJ31 1 19.0 1 GJ41 
iil5 '4' iilltJ 1 P' @18 1 1.0' @27 •-.5' @31 1 50.1) 1 @41 
iil5 1 4 1 iilJO 'P' ilB 1 1.0' Gl27 •-.5' Gl3l 1 81.0 1 .:il41 

•c;.o• 
•c;.o• 
•c;.o• 
• e. o• 
•e.o• 
• a. o• 

/ 1 0.0l.l'l 
,.,1.10 ., 
/tr).21)'1 
/'OVER'/ 
/~0.30'1 
I 1 T0' I 
I 'lr 1 I 
I 'TO' I 
/ 1 0.10 1 1 
/'0.20'1 
/'1).30'; 

IF HORI Z=O 1t- EN 
FUT ill •-• a4 LENGTH 2. @10 'P' a118 •1.n• 

$CHAR50. ; 
4118 '1.0' 

$CHAR50. ; 

012 1 • -o. s • @31 ROWS 10.1 

iil41 CCLS 10.1 I all LEGEND 
ELSE PUT ii4 LENGTH 2. iil1~ 1 P' a21 •-0.5' 

ii41 ,-;CL S 10.1 I @1 LEGEND 
H ECF l'HN PUT iil1 1 99999'; 

/ISTEP2 EJEC ~Y~AP 
I* THIS E>';EC STEP Will. PERFORM THE CnNT11UR ~~AP lECfoi~!JQ 1 JI: 
//FT26F001 OD nS~=t&LEGENO,DISP=(CLO/OELETEI 
//FT?.7F001 DO DS~=ttOATAl,OISP=(OLD,DELErEl 

0131 Rt;WS 10.1 
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IIG. S\'SI~ DO If 
I* THE A-OLTLI~ES 
1• T .. f MAP 
A-CUTLINES 

PACKAGE CONTAINS THE VERTICF.S CF THE BCUNOARIES OF T~E 

c;c;c;c;q 

.. :... .. OOC.49 
0.4 c; 

026.(1 
0?6. 01 
014.34 
n14.CE 
ooc.~c; 

e-I:ATA POINTS 
.'lO 3.46 
003.46 
00 f. «;2 
0.')~.76 

C1C.4F 
012. !!:5 
01 ~. 17 
Cl6. 04 
02C. 26 
t:l2!.E2 
02 3. F 7 
005.7C 
cos. 4t: 
01~.Cl3 
CU.E! 
02l.E2 
017.6«; 

~c;c;~c; . 

X 
002.41 
008.86 
ao a. 86 
002.73 
002.73 
002.41 
C02.41 

X 
()()7.92 
('(14.19 
~05.51 
004.0R 
CC6~28 
co 8.16 
CC6.44 
003.41 
005.16 
Cli7.28 
(03.17 
()(18.76 
C07.76 
C05.81 
CC::7.72 
co 7 .l6 
Ol~ 8.22 

I* THE C-GT~LEN(ENDS AND E-VALUES PACKAGES A~E !~PUTTED FRCM PREVICUSL\' 
I* PPEVICt.;SI.V CREATED FILES. 
C-tTCLEGE~DS ~AP26 
f-VAIUES REW27 
I* Tt~E TITLE .CF lt'E ClTPUT IS 'COMPLETE MAP/ 1-!EXU\EILCG V~tUEI/JUNE 26, 
I* 1«;f!O St-IFT:1•: THE MAP IS 17 INf.HES LONG; IT HAS 4 CLASS INTERVALS; 
I* THE VALUF ~A~(f ~I~IMUM RANGE IS -1.66 AND THE ~ALUE ~AXIMUM RANGE 
I* IS 5.?5: Tt-E RANGES CF THE CLASS INTERVALS A~E PPtPORTICNAL TO 
I* 3.07, 0.94,0.c;4 A~r. 1.96 RESPECTIVELY; THE ,AP ,ARGINS ARE 0.25 
I* AT TrP, 4.25 AT LEFT, 0,25 AT P.OTTCM AND .25 AT RIGHT; A FILE 
I* WHICH CCNTAI~5 Tt-E [dLCULATED VALUE AT EACH LCCATION rF THE ~AP 
I* IS CREATEI1. 
F-FJ.AP 
rATUM 17 DELE1EC 
~EliANE 
Jur,e 26. 

1 
3 
4 

1980 5HIFT:l 
1 7. 
4.0 
o.o 
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( 

( !i 4.6 
6 .1(1 .10 .10 4.3 
7 

( -x 
.ceo ..... dl 

A 
( 

. 8 
14 .i5 4.25 .25 .25 
1A -1.0 
21 

cc;c;c;q 
f c;c;c;qqq 

//STEP3 EXEC 5A5,P=2~F.K 
I* THIS EXEC STEP Will STORE THE VALUES CREATEn IN THE PP.EVIOUS EXEC 
I* IN A SAS cnesET WITt-: THE VARUBLE NAME MAPO. 
//C1 DO OS~=&£5,~\U,OISP=(OLD,DELETEI 
//FUN r.O DS~=UNC.P..E552V.SO.HEXANE,DISP=OLD 

1/SVSI N DC * 
DATA FlJN.HXAI\El; 

HTA IN CCU~ll (1: 

lNFILE Cl:INPL1 MAP17 RB4. ~dl; 
(CtJNT=CCU~T •1 : 
IF (CCUI\T LE 241 TI-EN DELETE: 
~COUNT=C[UNl-24 : 
~CCL=~CrfNC(U~l.861: 
IF NCOL=O THI\ I~CCL=86: 
~RCfl= (NCCLN T-NCCL t/€6+1: 
IF ("'ROh lF 2 I CR CMCW EQ 1351 THEN DElETE: 
IF CNCOL LE 421 OR (NCOL GT R4) THEN "DELETE: 
I<EEF MAFO: 



Appendix D.* 

Computer Programs: Jackknife Inputs, Computations and Maps 

Program #1: 

Program #2: 

Program #3: 

Program #4: 

Produce Contour Map with All Data 

Produce n Jackknife Maps 

Compute Jackknife Means and Standard Deviations 

Produce Jackknife Standard Deviation Map 

* For additional description, see text at end of Section IV. 



II* 
II* 
II* 
II* 
II* 
II* 
II* 
II* 

Append;x 0: Program #1 34 

01 

*~****CONTOU 1\ 11!lP OF ~'HE TOl,U"EN .F. DATA (SHIF'I 1: ,JUNl·: 26, 19RO) *"'**** 
fCiP. Df:'IAIJ. IISAGF; OF' SY~H, CNE 511CULC £.EHP. Tll 

SY11AP USER'S REFF.liE41CE MANUAL 
BY 

J.A. DOUGENIK & D.A. SI1EEHAlv. 
T!IE USEll-PHOVID:::lJ i:JATJ. CONSIS'l OF 'IiiE FOLLO!oiiNG FACKAGES: 
A-OIJTI.INE: THIS PACKAGES SPECIFIES Tli:E BOUNDARIES OF THl'~ STUDY AREA 

/1* B-DATA PUlN'IS: TillS PACKAGE SHCIFIES TilE LOCA!ION OF 'IliE DATTI 
II* POINTS 
II* 
II* 
II* 
II* 
II* 

C-CTOLFNGENDS: THIS PACKAGE lS OP~IO~AL AND CAN BE USED TO SFECifY 
!li! SYMBOLlSU AUD LCCATICNS CF A~Y SUPflEMEN~ARY 1N70nMA~IOK TO Dt 
PlACED C~ THE l'iAP 

II* E-VJ\LUES: T:iiS PACKAGE IS USU: TO DEFINE 'IIli Dll.'i'A VAl.UES '1'0 EE 
II* l'il1PPF.:D l N 'l'HE S.:UlF. C!iDH AS T!lEIP. CG!illESi?GfHll<G tA'Ill POHTS lN THB 
II* D-DI•.'!'II PCI!l:r P.~.CKAGE 

II* 
II* 
)/* 
II* 
II* 
II* 

F-~AP: THIS P&CKAGE SPEClFI!5 TO THE PROGRI! 'IHAT A ~~p ~S TC EE 
PRO~;JCED iJSI NG I N?'Otl1A'IIO CCl•~' lilliE I: It\ ~Hi! PREVIOUS Pl.CKl,GIS. IT 
IS USED TO SPECIFY 7EE TITLE AND TO DEFilE FRACTICALLY AlL ASrECTS 
OF TIII: Al!PEARidiCE OF 'IHE OU'l'FU'I' :-lAP 

II* EliCH PACKT,GE IS INI'f!A'riD BY THE Pl.CKAGE NMl.J:: ~Nt ENDED i-IJ.'£1.: I~ 

II* 1 99999 1 LINE 
//S'rEP I ~XEC .SAS 
II* 1 SOLVE!'l!S' AND 1 LEGEl:DS' ABE 2 SA$ DA'IAS:ETS IN 'IIi:E SAS DA'!ABASE 
/I* 1 UNC. GG. S591V.CA STHS.F.ULTii .OCCliP.DA'IA' i 1 SCI.VJ:;t;TS' COliTAUS 
/I* Dl1TA OF ALL cu::~:ICAlS !Cl< All t.A'IES Alii: Slii.F'IS; 1 U:GECWS' CCl;'IA!liS 
//* TH.l:: OTOLENGESDS FOR PRH'I!NG 'lllE Cllt:MIC.i\lS, DATES AND SJJIF'l'S. TillS 
II* sn;:? IS 'W S3L"F:CT TH!'.: APFRCFlliATF: SU~SE'f OF tATA ANV CJTOJ.Et-:GENDS 
//* AS T:ll: INPUTTING E-VALUE.:i AND C-OTOlENGENDS HCI:AGES FOI\ 'l'iiZ SY!1AP, 
//IN DD DSN =UNC. GG .E5 91 V. CA !ISTENS. liE .tnT H. CCCU P. t I.T A, trsp:.OJ, D 
//VlLLUF: 1 DD DSll=&& I:AT~ 1, UNlT=DISK,SPAC.E= ('Ill!~. (1.1)) I 
II DCE= (R£CFI1=FB, J.RECL=80 ,BIKSIZE= 12000) • r:ISP= (NH1 ,PASS) 
//Lr:GEND DD LSll=&~-;LEG.i:.:.!ltJ,mll'!=DIS!<,SP/,CE=('IRK, (1,1)), 
/I DCB== ( RECF:I= FE, LR ICL= 130, BLKS IZE= 12000), DISP= (l;I;:W, I' A !.iS) 
//SYSD! DD * 
DA'IA CINE; 
*THIS DA~A S-rEP SELECTS AlL DATA OF SlliF'I 1 ON JUllE 26*: 

SE'I IN.SOLVE!I'IS; 
If DATE=26 AUC SHIFT=l; 

lf Sl',:1PLS !I i:: 2 "'Ili~tl DELETJ::; 
H' LCCATlON > lfJ TIIEN tEL:ETE; 

Llf,TA _NULL_; 
*THIS DATA STEP Sl-aEC.L'S TEE TOLUENE DATA AND PU'IS TliEl·l ON Al~ OS FilE 

J:ll ~I.'IIE FORi'lAT OF T!ll:. E-VAJ.IJES .PI'.CKAGE l'Cll TilE SYMAF*i 
LTOL=LUG(1ULU1NE): 

PIL~ PFI~T; 
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lP LOCATION NH _U_ TUEll PUT 1 SAMF1E LCCATION ' LOCATION 
1 NOT IN POSITION 1 _N_ ' AS I'I SHCUlD BE. MAP t:AY BE n:ccr.IlECT 1 ; 

l''ILE VALU~ 1; 
rUT G111 LTOL 10.3 i!l13 DAT~ 0:76 Slfil'T G178 LCCAT.ICN; 
.IF EOF 'IHEH PUT ID1 1 9Q999 1 : 

I>ATA TWO: 
*TillS fll,TA STr<:P TUG:::TiiF.!l H'l'h TIIF !~F.XT ONE PREPARE TliE C-OTOLENGENDS 

PACKAGE ON AN OS FILE AS INPUT '10 'IDE SY~AP*; 
SET IN.LEGENDS ENn=F.CF; 
IF All= 1 Cii 

CllEKICAL='~OLU~NE' OR 
Di\H~=o OR 
SHIFT= I; 

DA 'fA _ N !ILl_; 
SET ~WG ~UD~EOF; 

F!l.E L.EGENn; 
IJ' ti = 1 THE 11 PUT 

~G- 1 • 1 UJIO 1A 1 0:18 1 3.1' ii;2E 1 1.5 1 1 
~18 1 4.0 1 ;u28 1 1.'5 1 I w18 1 Ll.0 1 il12fl '0.5 1 1 
a1s •3.1' e20 •o.s• 1 iill!: •J.I' i:D2B 'l.s• 1 
iJ6 1 0 1 iillO 1 A1 ~IB '9.0 1 ll:2fl 1 1.5 1 I 
iil17 •w.o• iD28 '1.5' 1 a:n •to.o• ID2B •o.s• 1 
~1a •s.o• ro2fl •o.~· 1 IDIB •9.o• ~28 •1.s• 1 
a6 •c-• c110 '~'·' ill17 •ts.o• ii28 '1.5• 1 
aJ17 1 16.0' in28 •1.5• 1 &17 'Hi.o• i!l2fl •o.s• 1 
c>17 • ts.o• :.J2S •o.s• 1 a:n 'l.!i.o• ID2S '1.5• 1 
&6 'GXA' adO 'A' w17 •21.0• <u2il •1.s• 1 
iiiP •22.0• a>2B '1.5• 1 an •22.o• m2B •o.s• 1 
0:11 '21.0' m2B •o.s• 1 jjj17 •21.0• a2a •1.5'1 
&5 •s• wto 'P' ii:18 'l.o• 0:21 •-.5• 0:31 '17.o• w41 '7.0' 1'-2.50'1 
as •5• G>lO •p• a•18 '1.0' 0>27 •-.5• c.:31 • 19.o• ill I •1.0• l'-.59iP1 
illS 1 5' &10 1 1'!. id11l '1.0 1 0:27 1-.5' ill31 1 50.0' ii141 17.0' 1'0.083'1 
iil5 •s• .vto 'P' .v1o •t.o• lll27 •-.s• cz31 •a1.o• ii14l '7.o• 1'0.718'1 
w 5 1 2 1 ciJ 10 1 P 1 a: 1 8 'I • 0 1 iiJ 2 7 1 - • 5 ' ii 3 I 1 Hl. 0 • m4 1 1 9 • 0 ' I ' T 0' 1 
alS •2• "'o 'I" ii!IB •1.0• .~27 •-.s• ct31 •49.o• ~41 •9.o• 1 ''IO' / 
wS '2' U/10 'P' (1}18 1 1.0 1 ii27 •-.5·• 431 1 80.[' 1 iil41 1 9.0 1 I 1 '1'0 1 I 
!i>5 •s• C>JO 'P' miB 11.o• a21 •-.s• a:.l1 •Lle.o• iZ41 '7.o• 1'-.598'1 
m5 •s• &IO 'J?' ailB •1.0• ii27 •-.5• a31 •79.0' &41 11.0• 1'0.083'1 
ro5 •s• ~1'> 'P.' ?.118 •1.0• ro27 •-.s• ~31 'IIO.• a:41 '7.0• 1'0.718': 
c.•s '4' iilto 'P' ~18 •t.~· 0.21 •-.s• a:Jt •112• w41 •s.o• 1'2.5'1: 

IF I!ORl Z=O 'IH:r.:N 
PUT ID1 1 - 1 Jllt LENGT:t 2. GiiO 'P' 

oil41 COLS 10.1 I ii>1 lEGEtiD 
ELSE PUT a4 LENGTH 2. ~10 1 P 1 

~41 COLS 10.1 I iil1 UGHD 
IF ECF THEil PUT ill 1 1 9999<)'; 

IIS1E?2 EXEC SYMAP 

c,:1a •1.0• 
$CIIAn50. ; 

U:lS '1.0 1 

$CHAR50. ; 

il.27 •-o.s• 

a21 •-o. s • 

Q-.!TIIIS EXEC STEP W!I.L HRl-OFtl THE CONTOUR llhP ~H:CHNIQUE 
IIFT261-'001 DD DSN=&&LI::GEND,!>ISP= (CLD,DiUETE) 
lll-'T27F00 1 Dfl DS N=f,f,DAT A 1, DISP= (CLD, DEL En) 

Q) J 1 ROwS 1 0. 1 

ii) 3 1 R C~l S 1 0 • 1 
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I IG. S Y .SIN D D t; 

//~T!IE A-OUTLIUES PACKAGE CONTUtiS TilE VEU'IICES OF THE BOUNDAii!ES OF THE 
1/'1. 'IllE ~lAP 
A-OUTliNES 

0.)0.4 9 
000.49 
02b. 01 
026. 0 1 
014.31+ 
014.08 
000.49 

B-DATl• P0.!~1'S 

999Q9 

0!)3 .46 
003.116 
Oilu. 92 
009.76 
010.48 
012.55 
0 15. 17 
0 lt"i .04 
020.26 
023.82 
023. fP 
0 05.7 0 
009.116 
012.93 
019.63 
021.82 
017 .I)') 

X 
00 2. 41 
008.E6 
OOA.flG 
00 2. 13 
002.73 
00 2. 4 1 
01)2.41 

X 
00"7.92 
004.19 
005.51 
004.08 
006.28 
ooa. 16 
006.44 
00 J. 41 
005. 16 
007.28 
00 3. 17 
0011.76 
00"~.76 

005.61 
007.72 
007.36 
008.22 

1/rrr TH.!:: C-OTOLENGEl~pS A!!D E-n LUES P1.CKAGES l1RE INPUTTED FROl~ 'l'HE 
//~PREVIOUSlY C3i:A'l'EI: FILES. 
C-OTOLEGEND:3 f!AP2G 
E-VALIJES RH127 
Q~THE TI'l'LE OF THE OUTPU'I IS 'COMPLE'IE MAP I TCLUl::liE(l.OG VAIUE)/•"T!INE 26 
1/-Y:- 19.80 SI~IFT: 1 1 ; 'II!E HAP IS 17 HCIIES LCI>G; IT liAS 4 CLASS INTERVHS; 
Qn THE VHUE iHNI:1Ull !lANGE IS -2.50 AND 'IIIE VALUE MAXItlUM Rli~GE 
~~~IS 2.50; 'Il!F: RAN3ES OF TilE ClASS INTERV U.S Ali! PROPOF.Tl0i4AL 'IO 
If~ 1.902,0.681, 0.635 Altt 1.762 RES.PEC'IIVEI.Y; 'II!E liAP ~lABGlNS ABE 0.25 
q'~ A 'I 'IOP, 4.25 ;,T LEFT, O. 25 AT EO'IT0i1 ANt • 25 AT RIGHT; A FILE 
1/{co WHICH COilTAINS ':i.'II.E CALCULATED VALUE A'I EACII LOCATION OF THE flAP 

\- 11,.. IS CREA'll::l.>. 
C0!1PLETE t!Af 
'IvLTJENE 
JUNE 26, 19'30 SUIFT: 1 

1 17. 
( 3 4. 0 

4 -2.50 



.. ... 
. ~ 

-x 
.ooo 

A 

5 
6 
7 

8 

2.50 
1. 902 

**** 

04 

0.681 0.615 1. 782 

14 • 25 4. 25 .25 .25 
18 -1 .o 
21 

99CJ99 
S9S999 

37 

//STEFl EXEC SAS,R=29Bk 
1/V TJIIS EX.EC S'IE.!? IIILL STCRE THE \' AliJ F.s CRI ATED IN THE PF EV IOUS STEP 
//Y..IN 1\ SAS D/'.TASE'l' iH':ll THE VARIABLE NMJE lHPO. 
//D1 DD DSN=&&SJjVO,DISP=(CLD,DEIETE) 
//FUll DD DSN=Ui~C • .!3. E552V.SO.'l'OLUEllE,DISP=OLD 
//SYSIN j)D * 
Dl'. tA FUN. 'IOI.O; 

RET.UN COUNT 0; 
IlU'lLE Dl;INI?iJ'I I'IAP17 RE4. iil(l); 
COU t;·r=CGU NT+ I ; 
ll (COUH1 LE 2~) TH~N DEl!TE; 

( NCOTH<~·=CCU ll'l'-24 : 
NCOL=M0D(NCOU~T,B6); 
IF llCCL=O THEN NCOL=86; 

·l NRO~=(NCOUNT-NCOL)/06~1; 
IF (NFOH LH 2) On (NllOri E·~ 135) Tlll!N l)ELETE; 
IP (MCOL LE 42) OR (NCOL GT 84) THEN DELETE;. 

( KEEF llAPO; .. 

( 
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Appendix D: Program #2a 

//'*- CONTOUR MAPfi OF THE TOLUENF. DATA (SHIFT 1: JUNE 26, 1980) 
//w. \H'l'H THE FIRS'l~ FOUR DATA POINTS SUCCESSIVELY DF.LETED, 
//STF.Pl EXEC SAS 
//'rlr. FOUR TEMPORARY FILES ARE CREATED, EACH CONTAnTS A SUBSET 
//Y. OF THE DATA DY DEI.ETING AI~ APPROPRIATE DATA POIJ~T. A C-
//'1< OTOLENGENDS PACKAGF. FILE (AS IN PROGRM·f A) IS AI,SO CREATED, 
//IN DD DSN =iPlC. GG, F. 591 V. 0 1~STF ~ S .ll Ell I '!li ~CCC UP. rA'Ill, tlSP:o::O!.D 
//V&.:LUEI DD DS!I=f..';DII"I:.1,U~I!=DISt:,SF!.CI::=('I'rlK, (1,1)) 1 

'. // ~CE= (.HC!''?i= FE, li!ECL=RO, Bl.KSI?.E= 12000), DISP= (NEI\, PASS} 
I,. //Vr.I.U£2 Dl) IJSN=f.&Dii'IA2 ,U!\I'i'=DISR,:HTI.CE:: ('I III':, (1, 1)), 

/I DCB= (r~CFll= FT!, LR ECL=80, fH.l:SlZE= 12000), PISP= (NE}1 ,PASS) 
//Vl.J.UE1 DD D!iN=f.f..Dii'Jl.3,UHIT=D!SK,SPACEe(TRK, (1,1)), 
II DC!::: ( H 1 CF1i= F B, LlHCT.= 80, ELK SIZE= 12000) , DISP= (NJ:~!, PASS) 
IIV )'.J, !Jl~l~ Dl} DS!\ = (;tiDA 'I/,Il I IJNI'l':::DIS K,S FACE= ('I 111\, ( 1, 1)) , 
// DC 1.:= ( F:EC F:l'= F c, LR ECI.= eo, 3LK S IZ !:-= 12000) 1 DISP= (l:Eii', PASS) 
1/J.l::';EHD D) iJSN=t:f,LEGr:Nu,U!HT=D.IS!<,Sl'ACE= (T~I:. ( 1, 1)), 
/I !)CE::: ( RE Cr~·l= Fa, LF. ECL= ao 1 BLKS IZ E= 12000) , DISP= (HEW, PA 55) 

/IS'! S!l'l DD * 
Dll. TA ON':\·; 

SET Ill. 1'CLV F.~T S; 
l'F DA'!'E=26 AND SHUT:;.~; 
I~ SA~inE N~ 2 '!'liEN DELETE; 
H' J.OCATIOI\ GT 1 6 TilE~ DELE 'II~; 
LTOL=LOG{TOLUENE): 
rEEP S!.!''PI.t; Dl\TE SHH"I LOCA'IION TClUENE l'I·Cl; 

Pr:oc PHINT DiiTI\.=ONE; 
Dl\':'~ _!lUll_; 

SE':' OllJ·; END= EO F; 
F'!l'P. V:UUE1; 
IF _N_=1 TII::N PUT ~17 1 -1.C 1 ; 

RLSE PUT @11 LTCL 10.6 ID73 CA!E ~76 SlliF'I 87R LOCA'IIOD; 
11' EOF THEN PU'r'a>1 I ggqgg1; 

DA 'Ill NIJLL ; 
SET-ONE END=EO.F; 
fiLE VAJ.Ul~2; 
H' _ll_=2 'l'HEtl PUT 1ll7 1 -1.0 1 ; 

EJ.Sf. PlJ'l' a> 11 L1'01 10.6 iil73 DAU: O'J76' SlliFT cl78 LOCATION; 
H Ern· TilE~ PUT 1D1 1 S9%9 1 ; 

DA 'fA lliJLl ; 
SET-ON~ E!ID=EC>.F; 
FILE VALUi~ 3; 
H' _N_=3 TH2ll PUT iJJI7 1 -1.0 1

; 

!':151': PUT alll L':!.'O!.. 10.G i!>13 DTI.'IE ii.76 SHIFT. iiJ'78 LOCA'IIOII; 
IF EOt' TilE~ PUT ~1 1 99999 1 ; 

DATA N!JlL ; 
SE7-0NE END=EOI:'; 
FIU: VALUF:4; 
.II:' _N_=4 ~liEU I'UT &17 1-1.0 1 ; , 

'ELSE PUT ~ 11 L'!'OL 10, G n1!3 T:A'I'P. ·c;:76 Sll!F'I w78 LOCA'!ION; 
H Efll' Tl<Eli PUT i;; 1 1 S999S 1

; 

DA 'l'/', 'III!\'!':E; 
S~T I~.L!ABNt~ END=EOF; 
I!:' lill.=1 OI< 

38 
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CllE:HC.I\l= 1'i'O!.!li:llE 1 on 
Dl'.TE=6 OH 
Slln''l'= 1; 

DATTI FOUR; 
SF. 'I 'II!REE END= EOF; 

Fll.E LEGEND; 
IF N -=1 'Ill EN PUT 

ii)6 I • I GJ10 I A' iil1B I 3. 1 I ID2f? I 1. 5 I I 
0}18 1 4.0 1 i;l28 I 1 o 5 I I ~1 El • 4. o• iil28 I 0 o 5 1 I r·· .. iil!R I J o ) I ro2R I Q, 5 1 I ij)1fl I), 11 i28 I 1 o 5 I I ! 

I 

! 

i .. 

-. . 

~. . 

,. 

&6 'O' iil10 'il.' a>1B • 9. o• 328 ' 1 • 5' I 
W17 '10.0 1 (.) 28 I 1, 51 / iil17 '10.0 1 it20 •o.5• I 
C>19 •9. o• ill29 I 0 o 5 1 I ii118 19.0 1 iil28 I ) • 5 I I 
~(> 'o-• oil1 0 1 At G>17 I 15. Q I ii28 I 1. 5 I I 
w11 I 16 • ()I ci'l21J I 1 o 5 I I a17 '16.0 1 m28 1 0.5 1 / .. c:n 1 15.0 1 c128 I 0, S I / 0.117 '15, 0 I iil28 I ), 5 I I 
al6 I ()X .f\ I iii 10 • A I 0:17 1 21.0 1 ~28 '1, 5 I I 
0:17 1 22.0. ro2R '1. 5' / 0117 122.0 1 it28 1 0.5 1 I 
{~ ,.., I 2 1, Q I iiJ28 •o. s • I il:17 I 2 I. 0 I ill28 I 1.51 I 
GJ5 l!j I Q) 1 0 'P ' 0)18 '1. 0' (:)27 I-, 51 ~31 •17.0 1 i!J41 '7 .o• 1 1 -2.50 1 / 

cl5 '5. C:IO 1p I Gll'l I 1. 0 I ii:'27 1- .s• iil31 1 19.0 1 ii!4 1 • 7. o• I'-. ~98'1 
!il5 '5' a>10 I P' w1A I 1. 0 I iil27 t-, 5 I 0:31 •so.o• ii;41 17.0 1 1'0.083 1 / 

a>S '5' allO I pI &18 I I. 0 I 1l2 7 •-.s• ii:3 1 181.0 1 iiJit 1 1 7.0 1 / 1 0.718 1 / 

o)5 I 2 I iil10 I P' a1a I 1 o 0 I iD27 1-, 5 I it.31 '18.0 1 iil41 1 9.0 1 I •·'TO, . I 
iii~ I 2. C£10 'PI &18 '), 0 I ii./.7 •-. 5' C:31 149.0 1 C'l4 1 19.0 1 / 1T0 1 I 
!JS I 21 CliO I pI ID18 '1. 0 I ii:27 I-, 5 I it31 •eo.o• e41 19.0 1 I '10' I 
C>5 I 21 .:il10 I pI iillB I ), 0 I it27 ··- .5' i2131 '111. 1 CD4 l 1 9.0 1 / 1 T0 1 / 

C\5 I 5 I ro10 'P' 0:18 I 1. 0 I &27 I-, 5 I C:31 148.0 1 0:4 1 17.0 1 1'-.59A'/ 
ID5 15 I CillO I pI ii:18 I J. 0 I a21 •-.5' ii:3 1 '79 o 0 I w4 1 1 7.0 1 /' o. 093 1

/ 

1115 '5' 1il10 t I> I C11B I 1, 0 I iD27 I-. 5 I ~31 t 11 Co I 41!1 •7.0 1 ;•0.718 1/ 

0>5 I 4 I a)10 'PI 0::18 I ), Q I a27 ,_ .5, Cl3 1 I 112 o I .V4 1 I B .o I /'2.50 1/i 
IF l!ORIZ=O Til F: N 
PUT ii}) 1 - 1 w4 LENG':'II 2. IillO 'P' a;1S '1.0 1 

$Ci!Atl50. ; 
G:18 '1.0 1 

SCI!AR50. ; 

G:27 •-o.s• ID31 nm:s 10.1 
G'J41 COLS 10.1 I ID1 J.EGHV 

ELSE PUT W4 LENGTH 2. 110 'P' 
C)41 CCLS 10,1 / illl l:EGH£ 

IF r.CF 'J:tBi~ PUT ~1 1 9CJ999 1 : 

IISTEP2 EXEC SYMAP 

0)27 ID31 EGi-lS 10. 1 

II THE A-OUTLI~E, B-DATA POINTS, C-OTOLENGENDS AND F-MAP PACKAGES 
II REMAIN THE SAME FOR THE FOUR MAPS. A MAP WILL BE CREATED FOTI 
II A F-MAP PACKAGE BY USING A E-VALUES PACKAGE AND ALL OTHER 
II PACKAGER WHICH HAVE NOT BEEN REPLACED OR DELETED. 
//FT26F001 DD DSN=C&LEGEK~,DISP= (CLV,DELETE) 
//FT27F001 DD DS~=f.&DATAl,DISP=(CID,DElETE) 
//F!'28FOO 1 DD DS N=&& DAT 112, DISP= (OlD, DELE'IE) 

. //FT291''001 DD I>SN=&&DATA3,DISP= (CLD,DELETE) 
//FT30F001 DD DSN=&CDATA4, VISP= (OLO,DFLE'IE) 
//G.SYSIN DD * 
A-OUTLINES 

000.49 
0.49 

026.01 
021). 0 1 
0 14. 34 

X 
002 •. 41 
008.86 
00 8. 86 
002.73 
002.71 



. 
. . ' ~ 

.} 

~ 
e 
~ 

. ~ 
f·> 
!: ,. 
~ 
i 
~'. 

~ 

I 
' 

C11ll.08 002.41 
000.4q 00 2. 41 

9<)999 
B-DATA Plll N'l'S X 

00 3. 46 007.92 
O;t)) .46 '004.19 
0106,. 9}. 005.51 
(1)09.76 004.08 
01<>.40 006.2A 
0. 12 •. 55 ooa. Hi 
@ 15. 17 006.44 
OIG.04 JO 3. 4 1 
020.2C 005.16 
023.82 00 7. 2 3 
023.87 003.17 
005.70 008.76 
009.46 007.76 
012.93 0 os. fll 
r)19.S3 007.12 
021.82 007.36 

q9999 
i' ... C-0~01. EGE!i DS 
'I ~-VALUES ' 

1-'~Mk!'l 

1S'I DA 'I!Hl D P-L~ 'IF. D 
TClUl~NE (LCI'; VALUE) 
-.1U NE 26, 1980 Sl!IFT:l 

f' 

; 
; 

I 
3 
II 
5 
6 
7 

-x 
.coo 

A 

fl 
14 
18 
21 

L _ 999!):J 
E- VAL'JES 
F-~AP 

17. 
4.0 

-2.50 
2. 50 
1.CJ02 

• 

**** 

• 25 
-1.0 

2ND DATU~ DELBTKD 
i 'I'OlUF.NE (LCG V Al,Ul'~) 

.681 

4. 25 

JUUE 26, 1980 SHIFT:1 
1 17. 
3 4.0 
4 -2 .so 

07 

• 6 35 

iil 

.25 

1. 782 

.25 

40 

MAP26 
REio127 

. RF.I-:28 



,- I 

. ' DB 41 
5 2.!il) 
6 1. 902 • 68 1 • 6 35 1.102 
7 

-x 
.ooo **** a; 

II 

8 
14 .25 4.25 .25 .25 , ... 
18 - 1. 0 I 21 

9999Q 
E-VAL U ES 

RH29 F- !1AP 
3!1 D DATU11 DEL l~T2D 
'l'OLIJE!m {lOG Vlll!JE) 
,JU !;E 26, 1q30 Sfli F'i': I 

.. . 1 17. ~ 
3 4.0 • !', 4 -2 .• 50 

~ 5 2.50 
~. 6 1. 902 .681 .635 1. 782 f:. 7 
~- -X ,, 
'I" .ooo *('*>l- Q)• (o 
~ 

.'I ~ 

~ A .; 

!· 14 • 25 4. 25 .25 .25 
~·-· . 1 $! -1.0 

21 
99999 
E- \' .'I.L !JE S 

RnJJO F-1'!AP .. 
4TH DATU;·! DElE 'TED 

.. TO !IJFNE c1cr, V AL!JE) 
JUNE 26, 1'980 SHIFT:1 

1 17. 
3 4.0 r, 

4 -2 .so 
i 

5 2.50 . 6 . • 902 .681 .6J5 1. 782 ,_ 
? 

-X 
.ooo **** OJ 

A 
I 

8 
14 • 25 4. 25 .25 .25 1A -1.0 ~.\. . . 
21 

.. ·-·· .. ·~. 
I 99'199 I 

99C1Q•H• 
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//STEP3 F.XEC SAS 
//Jfo THF. REI11TERPOLIITF.D VALUES CREATED Dl Tll'J<~ PREVIOUS STEP ARE 
/~ STORED IN A SAS DATASF.T. MAPl IS THE VARIABLE NAME WHICH 
//'k CORRESPONDS •ro THF. DEJ"F.TION OF TllF. Jo'IRST nATA POINT AHD SO 
ff:;. FORTH. 

11:>1 DO DSN=&f,SY HVlJ, DISP= (OLD, LlFJ..E'!'F.) 
IID2 DD DSH=&&SY~VU2,DISP=(OlD,D~lElE) 
llt3 DD DSN=&r..sn;VU3, DISP= (OJ.D, DE!.WIE) 
I I Dll DO DS!l =&liSY "'V U4 ,DI SP= (fJLD 1 DE U:TE) 
lll~UN IJD I'l!'iti=U:IC.OH~. t:22El7..SO.IOLUI:ol~l;~ 'PI~P~ OL.D 

, .. IISY SIN DD ~· 

DA'IA 'FUN.'I'OLl; 
RE'l'.U!I coun o; 
lNl-'ItF. Dl;lNi?U'f !'1.\Pl RE4. itlilJ; 
INFILE D2;!NPUT HAF2 RE4. ii; 
It;FIL!! D3; INPUT ~li\F3 !H!II. i•liil; 
I lH J:l E D4 ; I N Pll T ~lAP i4 R E 4 • ilii: ; 

: COlHI'!'=Cfl!Jli 'I-tl ·; 
: ... IF (C CU N':' lE 2~) 'l'HE:l DELE':'E; 

NCO!Jta=cou:n-24 ; 
NC 01= !'-On ( NC CU tr!', iHi) ; 
IF NCOL=O T"EN NCOL=B6; 
NP. Oi~= ( NCOU N'r'- !;co I.) IR G~- I; 
IF (NHO\ri lF: 2) Oft (NHOW EQ 135) !1-il::t\ DI~LE'IE; 

:. IF (Nt:> L 1 42) CR (!iCOL GT 84) 'I!JH I:ELH.E; 
KEEP ti AJl1-:1f,P.4; 

·II 

I 
L. 

42 
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1/!oi. THF. VJo:AN AriTl TilE STAN1JARQ DEVIATION 01'' THE JACKKNIFE DISTRIBUTION. 
// EXEC SA~,R=?.98K 
//FUll DD DSN=UNC.OHS.F228Z.SO.TOLUENE,DISP=OLD 
//SYSIN DD 'lr 
DATA FUN.JK; 

ARRAY MAP (I) MAP1-~AP16; 
ARRAY X (I) Xl-Xl6; 
SET FUN.TOLO; 
SET Fml. TOJ,l: 
SET Ji'UN. TOJ,2; 
SET FUN, TOJ,3; 
SET FUN.TOL4; 

~ Xl, .• ,Xl6 ARE THE PSEUDO-VALUES; 
DO OVER MAP; 

X:l6~KAP0-15*MAP; 
END; 

~ JKMEAN AND JKSTD ARE THE MEAN AND THE STANDARD DEVIATION; 
JKUEAN~MEAN(OF Xl-Xl6); 
JKSTD~STD(OF MAP1-MAP16)~15/SQRT(l6); 
KEEP JKMEAN JKSTD; 

.. 



,' Appendix D: Program #4 44 
011 

//'1.· CONTOUR MAP OF Tl!F. JACKKNIFE S'rANDAHn ERROR OF THE SYJ.1AP l:N­
//'tt TERPOLATION C>F THE TOLUENE DA'l'A, 
// EXEC SAS · 
//FUN DD DRN~UNC.OHS.F228Z.SO.TOLUENE,DIBP=BHR 
//~YSIN DD 'llr 
~ THIS DATA STF.P ASRJGN THE APPROPRIATE SY~BOLS WHICH CORRESPOND 

TO THE DIFFERENT REGIORR OF THE CONTOUR MAP; 
DATA ONI(KEEP=P Q U COL); 

l..t:tlG Til P Q Il $1: 
SET FUN.Jl~· 
fl~ P=J KST D;4. 0 • 
A=O.D;H=0.4ij~'6;C=0.8725•D=1.4658• 
COL=tiODl N 642); lt' COL=0 'I'HB!I COL=42; n· N =Guo- i{ 

-N-=624 on 
-N-= 1134 on 
-N-=1365 OH 
-N-=1925 01~ 
-N-=1985 OH 
-N-=2168 OH 
-N-=2&00 01< 
-N-=266& OH 
-N-=3177 Oh 
-N-=3325 01.\ 
-w-=3734 or. 
-N-=4193 Oi! 
-·N-=42oO on 
-N- 11611 01\ 
-~~-·-SOilS 01: 
-N-=5072 TUEN P='*'; 

ELS"E l.iO· 
lF ·( (; LE 2~82 OR CCL Gl' 2) AllV LN NJ<; 2941) 'l'liEli DO; 

IF ~A rB-MAF LE Bt THEN P=•.•: -
Il? D Lt: NI·P L}~ C TIIEN P.= 1 0 1 ; 
IF C LE 11/d? LE l THEN DO; l?='- 1 ;Q='0 1 ;END· 
11· MAP GE D THEt; VO·l-'-" 1 X1 ·Q= 1 0 1 •i.l=•;..L I:llD,·tl:n:. 

END; " 
1 

' • 

~THIS DATA STEP PRlNT OUT THE CONTOUR MAP OF THE STAUDAnD ERROR; 
DATA NULL • 

RJ:;T7iJ.ll co{mr o; 
LI::NliTII P1-PL:2 Q1-(>42 B1-B42 $1; 
tJACF.O 11ESSAGE 

611 BDY 
ibll W $CHAR33. 
0)44 P1 

. iD45 P2 
w46 P3 
0>47 P4 
ri'l40 P5 
iil49 P6 
wSO P7 
Gl51 1'8 
G>52 P9 
i1153 P10 
iU54 P11 
ib55 P12 
ill56 P13 
lll57 P14 
&56 P15 


