
THE EFFECT OF CONDITONING ROLLS, FEED RATE 

AND THE NUMBER OF PASSES ON 

FORAGE DRYING RATE 

By 

Freidoun Saatlou Aviki 

Bachelor of Science 

University of Tehran 

Karaj, Iran 

1969 

Submitted to the Faculty of the Graduate College 
of the Oklahoma State University 

in partial fulfillment of the requirements 
for the Degree of 
MASTER OF SCIENCE 

May l 3, 1978 



THE EFFECT OF CONDITIONING ROLLS, FEED RATE 

AND THE NUMBER OF PASSES ON 

FORAGE DRYING RATE 

Thesis Approved: 

.· .- Thesis Advi sep· / 
} , ·") <_ ... /· ... ·· 

, / // . . J / . :i I / 
' .. / 6;i'1 -/ /-/' .-· ; - : / __ ,/',/, ,.""'. /- -I' " 

_J .. .,., .-' - . / .. // - ~ ' ,' - ,.. / ', 

Dean of the Graduate College 

ii 



PREFACE 

I wish to express sincere appreciation to my major professor, 

David G. Batchelder, for his guidance and counsel during the course of 

this study. 

Special appreciation is extended to Doctors Roth and Whitney for 

their helpful suggestions and critical evaluation while serving on the 

graduate committee. 

Grateful acknowledgement is extended to Dr. Robert Morrison for 

his patience and assistance with the computer analysis of data. Further 

appreciation is extended to G. L. Mclaughlin, Audrey Byrd, and others 

at South Central Research Station, Chickasha, for their help with the 

laboratory work. 

Also, special appreciation is extended to Doctor Naftali Galili 

for his effort in completing the partial drying system and continuous 

weight recording system. 

I wish to express my gratitude to the University of Rezaieyh, Re­

zaieyh, Iran, and Ministry of Science and Higher Education of Iran, who 

provided me with a scholarship which made my higher studies possible. 

Further thanks are extended to the author's parents for encouraging 

me to obtain a Master of Science degree and to my relatives and friends 

for their well wishes. 

Finally, deep appreciation is extended to my wife, Sandra, and son, 

Diaco, for their tremendous sacrifice of personal comforts during the 

period of this study. 

i ii 



TABLE OF CONTENTS 

Chapter 

I. INTRODUCTION. 

Relevance of the Research. 
Scope of the Investigation 
Objectives ... 

II. REVIEW OF LITERATURE. 

Chemical Application 
Hot Water Blanching. 
Flaming ...... . 
Mechanical Treatment 
Stearn. . . . . . . . 
Crushing and Dipping in a Carbon 

Tetrachloride (CC1 4) Solution. 
Crushing with Heated Rolls . 
Crushed and Microwave .... 

III. EXPERIMENTAL EQUIPMENT AND SETUP. 

IV. 

The System . . . . . . 
Harvesting System ... 
Conditioning System .. 
Partial Drying System. 
Weighing and Recording 
Final Drying System. 

PROCEDURE . . . . 

Experimental Design. 
Calibrations and Adjustments 
Fresh Hay Supply . . . 
Treatment Application .. . 
Statistical Analysis .. . 

V. ANALYSIS OF DATA AND DISCUSSION OF RESULTS. 

Steel Tie-cord Rolls ... 
Rubber Intermeshing Rolls. 
Smooth Rubber Rolls. 
Steel Crimper Rolls. 
Plastic Cord Rolls .... 

iv 

Page 

1 
4 
4 

6 

7 
9 
9 
9 

13 

14 

14 
14 

18 

18 
18 
18 
29 
32 
38 

40 

40 
40 
43 
45 
52 

54 

55 
58 
58 
62 
66 



Chapter 

Statistical Analysis Results. 

VI. SUMMARY OF RESULTS . 

Conclusions ........ . 
Recommendations for Future Research 

A SELECTED BIBLIOGRAPHY . 

Page 

69 

74 

74 
75 

77 

APPENDIX A - ANALYSIS OF VARIANCE 82 

APPENDIX B - PLOTS OF DRYING TIME VERSUS MOISTURE FOR SEASON 2, 
ROLL 0, AND PASS 1 . . . . . . . . . . . . . . . . 86 

APPENDIX C - PREDICTIONS OF THE CONFIDENCE INTERVAL LIMITS FOR 
SEASON 2, ROLL 0, PASS 1 AND RATE 1. . . . . . 96 

APPENDIX D - CALCULATED MOISTURE CONTENT (wb) FROM ORIGINAL DATA 
FOR SEASON l AND SEASON 2. . . . . . . . . . . . . . 103 

v 



LIST OF TABLES 

Table Page 

I. Alfalfa and Alfalfa Mixtures Area and Production for 
States Above 9 Million Tons 1975-1976 2 

II. Fraction of Water Remaining After 3 and 4 Hours 15 

III. The Conditioning Rolls and Their Specification. 27 

IV. Average Required Time over Different Levels of Feed 
Rates for Each Roll with One or Two Passes to Reach 
20 Percent Moisture Content . . . . . . . . . . . . 70 

V. Analysis of Variance for Variable Mw (Percent Moisture 
Content (wb)) . . . . . . . . . . . . . . . . . . 83 

VI. Analysis of Variance for Variable F (Percent Fraction 
Water Remain) . . . . . . . . . . . . . . . . . . . 84 

VII. Analysis of Variance for Variable Md (Percent Moisture 
Content (Db)) . . . . . . . . . . . . . . . . . . . . 85 

vi 



LIST OF FIGURES 

Figure 

l. Jarri Mower Used for Alfalfa Harvesting. 

2. The Forage Conditioning System .. 

3. (a) The Hydraulic Power System .. 
(b) The Control System Electric­

Hydraulic Panel ... 

4. The Conditioning System with Belt and 

5. 

Chain Conveyors ......... . 

(a) 

(b) 
( c) 
( d) 
(e) 

Steel Tie-cord Rolls Mounted on the 
Conditioning System (0) 

Rubber Intermeshing Rolls (1) 
Smooth Rubber Rolls (2) . 
Steel Crimper Rolls (3) . 
Plastic Cord Rolls (4) .. 

6. The Pressure Applying System with Frame Upper Roll On 

Page 

19 

20 

22 

22 

23 

24 
24 
25 
25 
26 

It, Two Bars, and Two Weights. . . . . . . . . 28 

7. Plastic Cord Roll with Upper and Lower Covers. . . 30 

8. The Partial Drying System, (Left) The Cooling System, 
(Right) First Drying Oven, and (Middle) The Air Pump 31 

9. Cooling System with Recirculation Fan Below the Freezer 
and Cool Air Exit at Middle of Lower Edge. . . 33 

10. The Fan Located Between Cooling System and Oven, The 
Handle Is at Full Discharge Location . . . . . . . 34 

11. The Partial Drying Oven with Recirculation Fan and 
Cool Air Inlet, Heating Element, Cantilever Beams with 
Six 50 Grams Calibrated Weights at Upper Side. . 35 

12. (a) The Weighing System with Six Cantilever Beams and 
Six 150 Grams Calibrated Weights .... 

(b) The Beckman Type R Dynograph Six Channels Under 
Use . . . . . . . . . . . . . . . . . . . 

13. The Strain Gages Circuit on Each Cantilever Beam .. 

vii 

36 

36 

37 



Figure 

14. Aluminum Pans and Final Drying Oven ... 

15. Equipment Setup for Pressure Calibration 

16. Layout of Experiment at Field ..... . 

17. 

18. 

19. 

20. 

21. 

22. 

Weighing Hay for Uniform Distribution over First 
Be 1 t Conveyor. . . . . . . . . . . . . . 

1800 Grams Hay Distributed Uniformly over 0.372 Square 
Meters of First Conveyor to Simulate Third Level of 
Feed Rate. . . . . . . . . . . . . . . . . . 

Orientation of Hay Passing Through the 
Conditioning Rolls' ...... . 

The Treqted Sample with Steel-tiecord for One Pass, 
Stopped at Thi rd Conveyor. . . . . . . . . . . 

Weighing Hay with Nylon Net and Clips to Nearest 
150 Grams. . . . . . . . . . . . . . . . . . . 

Covering Treated Samples with Plastic to Prevent 
Moisture Losses. . . . . ..... . 

23. Treated Samples Located on Cantilever Beams i.n Partial 
Drying Oven. . . . . . . . . . . . . . . . . . . . . 

24. (a) Drying Curve of Alfalfa at Different Levels of Feed 

Page 

39 

42 

44 

46 

47 

48 

49 

50 

51 

53 

Rate for Steel Tie-cord Rolls for One Pass. . . . 56 
(b) Drying Curve of Alfalfa at Different Levels of Feed 

Rate for Steel Tie-cord Rolls for Two Passes. . . 56 
(c) Distribution of Time Required to Approach 20% M.C. 

Vs. Different Levels of Passes and Feed Rates 
for Steel Tie-cord Rolls ......... ·. . . . 57 

25. (a) Drying Curve of Alfalfa at Different Levels of Feed 
Rate for Rubber Intermeshing Rolls with One Pass. 59 

(b) Drying Curve of Alfalfa at Different Levels of Feed 
Rate for Rubber Intermeshing Rolls with Two 
Passes. . . . . . . . . . . . . . . . . . . . . . 59 

(c) Distribution of Time Required to Approach 20% M.C. 
Vs. Different Levels of Passes and Feed Rates for 
Rubber Intermeshing Rolls . . . . . . . . . . . 60 

26. (a) Drying Curve of Alfalfa at Different Levels of Feed 
Rate for Smooth Rubber Rolls with One Pass. . . . 61 

(b) Drying Curve of Alfalfa at Different Levels of Feed 
Rate for Smooth Rubber Rolls with Two Passes. . . 61 

viii 



Figure Page 

(c) Distribution of Time Required to Approach 20% M.C. 
Vs. Different Level of Passes and Feed Rate for 
Smooth Rubber Rolls . . . . 63 

27. (a) Drying Curve of Alfalfa at Different Levels of 
Feed Rate for Steel Crimper Rolls with One Pass 64 

(b) Drying Curve of Alfalfa at Different Levels of Feed 
Rate for Steel Crimper Rolls with Two Passes. 64 

(c) Distribution of Time Required to Approach 20% M.C. 
Vs. Different Levels of Passes and Feed Rate for 
Steel Crimper Rolls . 65 

28. (a) Drying Curve of Alfalfa at Different Levels of Feed 
Rate for Plastic Cord Rolls with One Pass . . . 67 

(b) Drying Curve of Alfalfa at Different Levels of Feed 
Rate for Plastic Cord Rolls with Two Passes 67 

(c) Distribution of Time Required to Approach 20% M.C. 
Vs. Different Levels of Pass and Feed Rates for 
Plastic Cord Rolls. . . . . . . 68 

ix 



CHAPTER I 

INTRODUCTION 

Relevance of the Research 

Hay is produced in every state in the U.S.; in 1975 about 121 mil­

lion metric tons of hay were harvested from more than 25 million hec­

tares. The state of Oklahoma in the same year harvested 710 thousand 

hectares. This was a production of about 3.39 million metric tons 

which ranked twelfth in production and harvested area for 1975 in the 

U.S. 

Alfalfa is the most common hay crop. In 1975, it was grown on 

more than 6.9 million hectares in the U.S. and 208.5 thousand hectares 

in the state of Oklahoma with a production of about 71 million metric 

tons and 1.5 million metric tons, respectively. Table I shows alfalfa 

and alfalfa mixture areas and production for states producing more 

than 1 million metric tons in the U.S. 

Alfalfa cultivation amounted to about 28% of total hay acreage 

for 1975, and about 44% of 1976 preliminary estimates. This indicates 

a high demand for more hay production. 

In hay making, one factor that cannot be controlled is the 

weather. Rainy damp weather can account for severe quality losses on 

windrowed or square baled hay left in the field. Curing hay without 

excessive loss is an important part of an efficient operation. The 

1 



No. State 

l AZ 
2 CA 
3 co 
4 ID 

5 IL 
6 IN 
7 KS 
8 MI 
9 MN 

10 MO 

11 MT 
12 NB 
13 NY 
14 ND 
15 OH 
16 OK 
17 OR 
18 PA 
19 SD 
20 UT 
21 WA 
22 WI 
23 WY 

TOTAL U.S. 

TABLE I 

ALFALFA AND ALFALFA MIXTURES AREA 
AND PRODUCTION FOR STATES ABOVE 

l MILLION TONS 1975-1976 

Area Harvested Production 
1,000 Hectares 10,000 Metric Tons 

1975 1976* 1975 1976* 

87 85 l ,368 l ,336 
453 445 6,007 6,000 
299 287 1,682 1,743 
417 413 3,465 3,292 
312 295 2,310 2,256 
170 162 l '145 l ,091 
801 405 2,539 2,500 
405 397 2,500 2,316 
890 886 5,900 4, 181 
214 202 l ,253 l ,045 
498 473 2,572 2,340 
688 688 4,173 3,864 
376 401 2,283 2,430 
668 656 2,850 l '915 
212 223 1,405 l,475 
208 202 1 ,475 1,455 
170 170 1 ,222 1,260 
332 332 2,013 2,050 

1,052 931 3,545 1,673 
186 186 1,338 1,464 
202 202 l '591 1,636 

l '222 1,218 7,825 6,020 
190 188 l ,025 994 

6,917 10,747 76,751 63,555 

*Preliminary Estimates. 

Source: Agricultural Statistics 1977 United States Department of 
Agriculture, pp. 271 
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usual locations used for curing hay are the field, the barn, and the 

dehydrator. Field-curing is prevalent in the United States and over 

the world because it is inexpensive, but losses in quality and quan­

tity are greater than with the other two methods. 

Work has been done at several locations in the United States. 

3 

Since 1933, (Zink, 1933; Bohstedt, 1944; Jones and Dudley, 1948; Bruhn, 

1955 and 1959; Casselman and Finham, 1960; Pedersen and Buchele, 1960; 

Kepne~ et al., 1960; Hellwig, 1965 and 1977; Barrington and Bruhn, 

1970; Priepke and Bruhn, 1970; Straub and Bruhn, 1975) have proved the 

positive effect of mechanical conditioning on reducing the required 

field curing drying time compared to unconditioned hay. 

Since the leaves of hay dry more rapidly than the stems (Pedersen, 

1959); by the time the stems have reached a moisture level sufficient 

for storage (20 percent wb), the leaves have been over-dried. This 

excessive drying of the leaves only serves to increase shattering 

losses in subsequent operations. Studies conducted related to condi­

tioning rolls have shown that cracking the hay stem exposes more area 

for moisture loss and thus speeds the drying rate of stems more than 

leaves. This causes an equalizing of the leaf and stem drying rate 

and decreases losses (Pedersen, 1959). 

Manufacturers have used different ratios of cutter bar width to 

conditioning roller width. This changes the feed rate through the 

rollers significantly, as does the variation of feed rate due to vari­

ation of ground speed and yield. Information about the feed rate 

effect is required to know which type of roll will be more suitable for 

the higher "width of cutter bar/width of rollers" ratio. 



Bruising of the plant stem from using a cycle mower by Shepperson 

et: al. (1974) showed an increase in the drying rate but there was no 

information found about effect of such type rollers. 

Scope of the Investigation 

4 

The study described in this thesis was designed to evaluate the 

effect of feed rate, the number of passes, the type of rollers and com­

pare the performance of a new type of roller with four different common 

commercial rollers in a defined laboratory condition. 

A stationary conditioning system with capability of producing 

single or double hay crushing, crimping and bruising by rollers of 

different shape and size, variable speed and feed rate and pressure was 

used. Samples were treated under constant pressure, different levels 

of feed rate, and number of passes. Five types of rolls were used. 

Samples were dried under controlled temperature and relative humidity 

conditions. The weight was recorded automatically with six cantilever 

beam transducers. Finally, samples were transferred to high tempera­

ture drying ovens for dry matter determination. 

A factorial split-split block in time design in two seasons with 

two and five replications for thirty factorial treatment combination 

was used to determine drying rate of alfalfa and its relation with 

type of roll, number of passes and feed rate. 

Objectives 

1. To determine the most effective type of roll which increases 

the drying rate of the forage. 

2. To determine the effect of the number of passes through the 



' 

rolls on drying rate. 

3. To determine effect of feed rate on drying rate. 

4. To compare the relative effect on the drying rate of forage 

of a bruising type of roll with crushing and crimping types. 

5. To develop a prediction equation for predicting rate of dry­

ing in time. 

5 



CHAPTER II 

REVIEW OF LITERATURE 

Following World War II, changes in methods and equipment for hay 

handling began to take place rapidly and by the middle 1960's the 

man-power required to produce a ton of hay had been reduced to one­

third of that required 25 years earlier according to Butler (1970). 

The farming operation required to produce a good seeding and to grow 

an alfalfa crop are well established. The difficult part of alfalfa 

production occurs in harvesting the forage so as to save the maximum 

feeding value. These difficulties in hay harvesting are found 

throughout the humid regions of the world. They are due in part to 

the fact that the period of time between rains is less than the time 

required to cure the hay and transport it to the barn. 

There are two general ways to harvest and store forage crops -­

making them into silage or drying them. There are two ways to dry 

them -- naturally (field curing) and artificially. Artificial drying 

is done also in two ways -- barn finishing or dehydration. Barn 

finishing has received a great amount of attention since 1940; the 

forage is partly dried in the field, then it is placed in a mow, and 

natural or heated air is forced through the forage to complete the 

drying. 

In artificial dehydration, the forage is taken from the field as 

soon as it is cut (in some instance it is allowed to wilt), chopped 

6 
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and passed through suitably constructed drying chambers where it comes 

in contact with heated air. This rapidly evaporates the moisture in 

it. The rate of drying depends on the amount of water in the forage, 

the temperature and humidity of the surrounding air, and the kind of 

forage and texture of the plant. The artificial drying generally pro­

duces forage of higher feeding value than natural drying and losses of 

nutrients are also somewhat smaller. The introduction of artificial 

aids to replace the natural drying generally adds to the costs. The 

relative advantages of such aids, therefore, must be weighed against 

the cost in individual situations. 

Gray (1948) has pointed out that dehydration is naturally more 

expensive than when the hay is left in the field to dry for l or 2 days 

to approach a moisture content of 20 to 40 percent. 

For all of the previously mentioned methods, the drying cost will 

decrease as higher drying rates are provided duririg field curing and 

the amount of losses wi 11 be decreased as the difference in drying rate 

of leaves and sterns is decreased. 

Several methods have been used to decrease the field curing time. 

Chemical Application 

Chemical application serves in two ways to decrease the field 

curing time. 

a. By increasing the drying rate. 

b. By increasing the maximum allowable moisture content for safe 

storage. 

Tullberg (1976) has treated lucerne by rapid immersion in aqueous 

potassium carbonate solution (0.18 M) under laboratory conditions which 



has n~sulted in a substantial increase in simulated field drying. In 

field experiments done by Tullberg again on lucerne, the field results 

have supported the laboratory results. Lucerne treated with heavy 

applications (1000 liters per hectares) of. 18 M aqueous potassium 

solution has dried faster than severe mechanical conditioning. At a 

lower application rate (200 liter per hectares), potassium carbonate 

treated lucerne was significantly drier than untreated material. 

8 

Knapp et al. (1975) reported on a study conducted to determine the 

effectiveness of anhydrous ammonia (NH3) as a preservative to prevent 

microbial activity and consequent dry matter and digestibility losses 

in hay that was intentionally or unintentionally stored at moisture 

levels above 20 percent. Alfalfa baled at 32 percent moisture content 

was treated with ammonia (NH3) at 1.0 percent level of the weight of 

the hay and lost 5.2 percent less dry matter than did untreated al­

falfa. 

Manby and Shepperson (1975) has reported that if propionic acid 

at a 2 percent level by weight can be uniformly distributed, it seems 

likely that it will inhibit mold development on hay having up to 35 

percent moisture content. 

Also, Bush (1977) has reported that an application to hay of 20 

percent propionic acid and 30 percent formalion at 1 percent rate of 

the weight of hay and with the hay stored at 30 percent moisture con­

tent (wb) will result in a quality of that approximately equal to any 

baled hay under ideal conditions, i.e., about 18-22 percent moisture 

content (wb). 
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Hot Water Blanching 

Ir1 a study conducted by Priepke (1970), a blanching treatment 

was perforrned by dipping the cut alfalfa into boiling water for 10 

seconds. The results indicated that for treated samples the same 

level of water remained after about 3 hours and it approached a point 

where only 20 percent of the original water content remained after · 

five hours and forty minutes. In this same time period, the untreated 

sample approached about 28 percent of the original water content. 

Flaming 

The flaming treatment was performed manually on the cut alfalfa 

with a propane torch. The alfalfa was flamed such that occasionally 

brown scorch marks appeared on the surface. The results reported by 

Priepke (1970) indicated that the treated sample approached 0.2 frac­

tion of water remaining at about three hours and forty minutes after 

cutting while the control was approached about .39 fraction of water 

remaining. 

Mechanical Treatment 

In 1933, Zink reported that the alfalfa hay passed through a set 

of rolls, one made of steel and the other steel covered with rubber, 

had dried faster than ordinary mowed hay. He also reported that the 

rate of drying in stems was much slower than leaves. Under field 

curing conditions when there was 30 percent moisture in the complete 

alfalfa plant, he observed only 16 percent moisture content (wb) in 

leaves while the stems had 38 percent (wb) moisture content. Kiessel-



back and Anderson (1926), earlier under laboratory conditions, had 

obtained sirnilar results. They found that first cutting alfalfa hay 

with ?O percent moisture (wb) was composed of leaves containing 12 

percent and stems containing 27 percent moisture (wb). 

10 

Zink (1933) with observed data concluded that if 25 percent mois­

ture content is a safe moisture level for storage, the crushed hay 

could be stored 4 hours after cutting while non-crushed hay did not 

reach 25 percent moisture content until 9:50 a.m. on the second day. 

As a result, the rolling and crushing would have permitted cutting it 

in the morning and placing it into storage in the afternoon. 

Salmon, et al. (1925) found that over seven seasons of cuttings, 

including four stages of maturity, an average of 19 percent of the 

leaves was lost. This loss was found to vary from 2.3 percent to as 

much as 34 percent. 

Similar works have been carried on with crushers in the early 

1930's with a machine designed by Cushman and were conducted by Alvos 

(1932), Madson and Bainer (1930) in cooperation with the Food Machinery 

Corporation, San Jose, California. The early machine was a self­

propelled unit and consisted of a cutter bar and draper similar to a 

grain binder platform with a set of crushing rolls fed by the plat­

form draper. The machine was equipped with a spreader to redistribute 

the crushed material on the ground. Corrugated rubber-covered steel 

rollers were used on this early machine, and it was equipped with ro­

tating brushes to keep the rolls clean. Later, the machine was rede­

signed with the crushing rolls parallel to the cutter bar and of 

essentially the same length. 



This later machine was equipped with one smooth rubber-covered 

roll and one smooth steel roll. Subsequent experimental works by 

Smith and Jones (1939), Reed (1932), and Jones and Dudley (1948) were 

carried on with crushers at agricultural experiment stations. These 

crushers picked the forage out of a swath and crushed it, some also 

were a combination mower-crusher. These machines varied considerably 

in detail, some being engine driven and some driven by tractor power 

take-off. 

Later, experimental work was carried on with commercially avail­

able or experimental machines. 

Bruhn (1955) reported seven years of investigative findings with 

a commercial machine and one experimental machine as follows: 

11 

a. Greatest gains in drying rates were experiences when drying 

conditions are very good, and the advantage of crushing dimi­

nished gradually with poorer drying conditions until the point 

is reached where neither crushed nor uncrushed forage dries. 

b. Also greatest gain in drying rate was achieved with a higher 

number of passes, that is, 3 times crushed dried faster than 

did 2 times, l time or no crushing at all; 2 times crushed 

dried faster than time and no crushing but slower than 3 

times crushed. 

c. Roll pressure up to a certain point was effective in increas­

ing the drying rate; as the pressure per linear centimeter of 

roll length was increased, a higher drying rate was achieved. 

d. An increase in the ratio of roll surface speed to ground speed 

had shown a trend to raise the drying rate. He also pointed 

out that under certain conditions, forage crushing may bring 



about clipping and stripping of small stems and leaves from 

the main plant stem. 
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Bruhn (1959) reported on the effect of delayed crushing and the 

relationship of drying rate and clipping of leaves and small stems from 

the main stem as a result of crusher or conditioner action. Data col­

lected from smooth steel-roll crusher and bar-type corrugated-roll 

crusher indicated that the uncrushed material and the advantage of 

higher drying rate of the crushed material was lost for the extent of 

the delay. After crushing had taken place, drying had proceeded essen­

tially at the same rate as for a sample of comparable hay crushed 

irrnnediately after cutting. The results also indicated that losses were 

inversely proportional to ground speed and that the amount of losses in 

samples treated with the smooth steel roll were higher than for the un­

treated hay, and were lower than for flail-type chopper conditioned 

hay. 

Boyd (1959) classified conditioning rolls as either crusher or 

crimpers and from collected data from field experiments concluded that, 

in general, crushing was somewhat more effective than crimping timothy­

brome mixtures. Flail cut material had the most rapid drying rate but 

he also pointed out that, one apparent disadvantage appears to be the 

greater overnight moisture pickup in the conditioned crop. However, 

this was largely offset by virtue of the more rapid loss of moisture 

during the morning hours. 

Kurtz (1968) and Halyk (1966) reported results that were opposite 

of that of Boyd (above) in that crushed hay dried faster than flail 

mower treated hay. However, Hall (1964) had results that agreed with 

Boyd's results. Hall listed the advantages of hay conditioning as 



follows: 

a. Speeds field curing; conditioning can reduce drying time by 

about 30 percent. 

13 

1 b. May prevent weather damage by shortening the time that hay re-

mains in the field after cutting. This improves the chance of 

putting it up without damage. 

c. Field losses due to shattering are reduced as drying time and 

the amount of turning and tedding are reduced. 

d. Conserves color and feed value through shorter exposure to 

sunlight and less shattering. 

Steam 

Byers (1966) applied steam, crimping and steam-crimping treatments 

to field samples of alfalfa collected at the pre-bloom stage of matu­

rity -- and placed the samples in a laboratory experimental dryer at 

36° C and 28 percent relative humidity. Plotted data indicated that 

after two hours and fifty minutes of drying that the control, steamed, 

crimped, and steamed-crimped samples had approached about 41, 29, 25, 

and 9 percent moisture content (wb), respectively. He also pointed 

out that the steamed-crimped treatment caused the epidermis to be 

cracked and the cells to be split apart toward the pith. Also, the 

breaking of a few cells was observed; this breaking caused more cells 

to be exposed to the drying air. However, as soon as these exposed 

cells dried, the drying rate again became that of an untreated plant. 

This indicates that the drying rate was limited to the decreasing per­

meability of the cell walls, cytoplasmic membrane, and/or stomata 

action. He also pointed out that chemical change was another mechanism 
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which could be accounted for change in the cell wall permeability as an 

analysis of steamed and non-steamed alfalfa, after drying, indicated 

that the alcohol-soluable nitrogen had been doubled in non-steamed 

samples. 

Crushing and Dipping in a Carbon 
Tetrachloride (CC1 4) Solution 

Priepke and Bruhn (1970) reported on an experiment involving 

crushing, dipping in cc1 4 and a combination of crushing and dipping in 

CC1 4 (Table II). 

Crushing with Heated Rolls 

Crushing with heated rolls including three treatments was also 

reported by Priepke (1970). The results indicated that all treatments 

were dried faster than non-treated material. Hay crushed with rolls 

having a surface temperature of 182° C dried the fastest but hay 

crushed with rolls heated to 138° C had dried slower than crushing with 

ro1ls at ambient temperature. He pointed out that heating to 182° C 

may have had the effect of melting the cuticle to expose some of the 

stems surface resulting in less drying resistance. 

Crushed and Microwave 

This experiment was reported by Priepke (1970). The samples for 

this treatment were first crushed and then placed in the microwave oven 

for 5 seconds. The results indicated that the combined treatment of 

crushing and microwave drying dried slightly faster than a crushed 

treatment dried under ambient drying conditions. 
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TABLE II 

FRACTION OF WATER* REMAINING AFTER 3 ANO 4 HOURS 

3 Hours 4 Hours 

Crush and Dip in c1 4 0.09 0.08 

Dip in Cl4 0.21 o. 17 

Control - Crush 0. 19 0. 11 

Untreated 0.45 0.35 

*F · r = Weight of water at time = t 
raction of Wate Initial weight of water in the sample 



16 

A report by Straub and Bruhn (1975) evaluated four sets of rolls 

under the laboratory conditions of a mean dry bulb of 32.7° C and a 

mean wet bulb of 20° C. This corresponded to relative humidity of 

35 percent. 

The results were: 

a. An increase in roll pressure caused an increase in losses. 

b. Driving only one roll of the intermeshing rubber conditioning 

roll pair significantly increased potential clipping losses 

over having both rolls driven (while others did not show the 

same effect). 

c. In the treatment where both rolls were driven, the rubber 

intermeshing rolls had the lowest amount of loss, the conven­

tional ribbed steel and tie-cord rolls were intermediate in 

their losses and the tie-cord intermeshing rolls had the 

highest losses. 

d. An increase in roll pressure tends to increase the drying 

rate. This was true except in a one-roll driven situation 

where a tendency to decrease the drying rate was noted. The 

both-driven intermeshing rolls' drying rate also tends to de­

crease but the difference doesn't seem to be significant com­

pared with a control treatment. In the case of rubber 

intermeshing rolls, Straub explains that the compliance of the 

rubber coating tends to reduce the effect of increase pres­

sure. Surface deformation within the material decreases the 

effect of pressure. In the case of the tie-cord rolls, the 

conditioning is administered by two very stiff and aggressive 

surfaces which are continually in contact, thus having maximum 



effect as pressure increases. 

e. The laboratory method allbws for elimination of such factors 

as changing or unfavorable weather conditions. 

17 



CHAPTER III 

EXPERIMENTAL EQUIPMENT AND SETUP 

The System 

Data for this research project were collected from a laboratory 

forage conditioning and drying system. The system consisted of har­

vesting, conditioning, partial drying, weighing and complete drying 

systems. To measure the samples wet weight, two scales with a sen­

sitivity of 1 gram and .01 gram were used. The cooling system, partial 

drying oven and complete drying oven temperature were controlled by 

automatic thermostat controls. A nylon net with 2 clips was used for 

wrapping samples. Aluminum pans were used for the complete drying 

process. A brief description of the systems and equipment is presented 

below. 

Harvesting System 

Alfalfa was mowed with a Jarri mower (Figure 1) to a common 

height of approximately 3.75 to 5 cm. 

Conditioning System 

The forage conditioning system (Figure 2) consists of a hydraulic 

drive central panel (Figure 3a-b); conveyors (Figure 4); rolls (Figure 

5a - Se); and two sets of load systems (Figure 6). 
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Figure 1. Jarri Mower Used for Alfalfa Har­
vesting 
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The Hydraulic Power System (Figure 3b) consists of two 3 phase 

1780 RPM electrical motors plus one main and several small hydraulic 

motors. The small 3.73 kilowatt-hours electrical motor served as a 

starter and the 56 kilowatt-hours electrical motor served to operate 

the main hydraulic pump. Several small hydraulic motors were used to 

provide independent operation of rollers and conveyors for variable 

speed. The control system consists of an electro-hydraulic panel 

(Figure 3a) with controls for four individual hydraulic motors. For 

each of the two sets of conditioning system, a control was provided 

for the roll speed and the conveyors• speed. The control panel in­

cluded a control switch for the first belt conveyor 1 s operation. The 

control panel also controlled the conveyors• and rollers• speeds in­

dependent of each other and for each conditioning system. 

The conveyor system consists of four conveyors. The first one 

was a belt type and was used for hand distribution in different con­

centrations to simulate different feed rates. The second one was a 

stainless steel chain conveyor. It was used for feeding hay through 

the rolls. The third one was also a stainless steel chain conveyor 

and it was used for stopping samples of the 11 one pass 11 treatment as 

well as for feeding the second set of rolls for the 11 two passes 11 treat­

ments. The fourth conveyor was also a belt type and it served for re­

ceiving conditioned hay from the second rolls and was stopped for 

taking samples from the conditioned hay. 

Conditioning rolls were mounted according to factorial treatment 

requirements. Five types of rolls shown in Figure Sa to 5e were used. 

The specification of these rolls is given in Table III. Types 0, 1, 2, 

and 3 were cut and constructed from common existing commercial rolls. 



Figure 3a. The Hydraulic Power System 

Figure 3b. The Control System 
Electric­
hydraul ic Panel 
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Figure 4. The Conditioning System with Belt 
and Chain Conveyors 
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Figure Sa. Steel Tie-cord Rolls Mounted on 
the Conditioning System (0) 

Figure Sb. Rubber Intermeshing Rolls (1) 
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Figure 5c. Smooth Rubber Rolls (2) 

Figure 5d. Steel Crimper Rolls (3) 
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Figure 5e. Plastic Cord Rolls (4) 



TABLE I II 

THE CONDITIONING ROLLS AND THEIR SPECIFICATION 

Width Do* 
Roll 

Number Type of Roll (cm)*** (cm) 

0 Steel - tie cord Upper steel, channels 45.7 17.8 
2.86 cm wide x 1.27 cm high 
Lower tiecord 4 grooves, 45.7 17.8 
1.77 cm deep, 1.9 cm wide 

1 Rubber Intermesh- 5.4 cm width, 1.59 cm 45.7 19.7 
ing (broken-gear 
type) 

height grooves 

2 Smooth Rubber 45.7 24. 1 

3 Steel Crimper 0.635 cm wide x 2.22 cm 45.7 19.7 
height 

4 Plastic Cord 45.7 39.7 

*Do = Roll outer diameter 

**Di = Roll inner diameter 

***cm = Centimeters 

Di** Roll Speed 

(cm) R.P.M. 

15.2 250 

15.2 250 

16.5 227 

-- 182 

15.2 227 

7.9 500 

Clearance 

cm 

0. 159 

0.159 

0. 159 

0.159 

0. 159 

--

N 
-...i 



Figure 6. The Pressure Applying System with 
Frame Upper Roll on It, Two 
Bars, and Two Weights 
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The type 4, which was used as a bruising type roll, was made in the 

Oklahoma Cotton Research Station shop. It was made of nylon cords, 

each having a diameter of 3 mm. The length of each cord was 31.5 cm 

29 

and were held in place using a 6.35 mm inner diameter pipe and a chan­

nel as shown in Figure 5e. These were attached to a core made of a 

46 cm length of steel pipe with 8 cm outside diameter. The nylon 

cords were located on each bar 12.7 mm apart around the core surface. 

When in the conditioning system, the single roll was covered by a 

curved metal surface from above and with one from below. The upper 

cover was extended to behind the roll and was bent in a 35° angle to 

provide a deflector to contain the hay as it passes through the roll 

to provide more injury to the hay (Figure 7) as this was thought to 

possibly increase the drying rate. 

The pressure was applied by a pivoted upper roll support frame 

which includes two bars, each with a moveable 22.6 kgs weight. The 

linear pressure per centimeter was a function of the location of the 

weight on the bar and the bar location on the upper roll frame. 

Partial Drying System 

The drying system was designed to dry six samples of alfalfa hay, 

up to 130 grams each, under controlled temperature and relative humid­

ity conditions. It consisted of an air cooling unit, a fan, and the 

drying unit (Figure 8). 

The cooling system1 (Figure 9) had a capacity of 0.75 cubic meter 

1Lab-Line Ambi-Hi-Lo Chamber Cat. No. 355-17-3554-18, Lab-Line 
Instruments, Inc., Melrose Park, Illinois 60160. 



Figure 7. Plastic Cord Roll with Upper and 
Lower Covers 
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Figure 8. The Partial Drying System, (Left) 
The Cooling System, (Right) 
First Drying Oven, and (Middle) 
The Air Pump 
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and it takes in conditioned air from the laboratory room at the edge 

of the door. The cooling unit served as a refrigerator which produced 

saturated cool air at a controlled temperature. The cool air exited at 

the lower edge of the door and was moved by fan into the dryer unit. 

The fan (Figure 10) was located between the cooling and heating 

units to receive the saturated air and to deliver it to the top of the 

drying oven. 

The drying unit (Figure 11) served to receive the air and heat it 

to an adjustable temperature by virtue of a 500 watt heater. 

A fan forced the heated dry air through the forage samples hanging 

on the cantilever beams. The edge of the oven was opened to the labo-

ratory room for air to exit. The laboratory room itself was also air 

conditioned so it served as an air reservoir for the system. 

Weighing and Recording System 

The weighing and recording system consisted of six cantilever 

beams and a Beckman Type R Dynograph2. The beams (Figure 12a) were 

trapezoidal shaped, made of 4.76 mm 7075-T6 aluminum sheets 12.7 mm 

base, 8 mm top width and 28 cm length. Dual pattern strain gages were 

mounted on both the upper and the lower sides of the beam (Figure 13) 

to produce four active arm bridges thus creating a force transducer. 

The six cantilever beams were connected with shielded cables to the 

six channels of the Beckman Dynograph (Figure 12b). The system was 

2 Beckman Instruments, Inc., 3700 River Road, Sheiller Park, 
Illinois 60176. 



Figure 9. Cooling System with 
Recirculation Fan 
Below the Freezer 
and Cool Air Exit 
at Middle of Lower 
Edge 

33 



Figure 10. The Fan Located 
Between Cooling 
System and Oven, 
The Handle Is at 
Full Discharge 
Location 
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Figure 11. The Partial Drying 
Oven with Recir­
culation Fan and 
Cool Air Inlet, 
Heating Element, 
Cantilever Beams 
with Six 50 Grams 
Calibrated Weights 
at Upper Side 
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Figure 12a. The Weighing System \'lith Six 
Cantilever Beams and Six 
150 Grams Calibrated Weights 

Figure 12b. The Beckman Type 
R Dynograph Six 
Channels Under 
Use 
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temperature compensated by virtue of the strain gage circuit. It was 

calibrated to give sensitivity of 10 mv/cm which was equivalent to 

50 g/cm. 

Final Drying System 

The final drying system i"ncludes an oven operating on 100° C tem­

perature and aluminum pans 30 cm x 14.3 cm x 8.25 cm. This equipment 

was used to determine dry matter content of each sample (Figure 14). 



Figure 14. Aluminum Pans and Final Drying 
Oven 
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CHAPTER IV 

PROCEDURE 

Experiment Design 

The experiment was conducted in split-split block in time design 

in two seasons season one with two replication, season two with five 

replications. To achieve more accuracy for the feed rate and the num-

ber of passes effects, they were randomly applied to sub-sub plots and 

sub plots, respectively. 

The feed rate was chosen such that to simulate a yield of 3362 kg 

per hectare per cutting for a cutting width over roll length ratio of 

1, 2, 3, as follows: 

Rate 1 = 1614 g/m2 

Rate 2 = 3229 g/m2 

Rate 3 = 4842 g/m2 

Five types of rolls shown in Figure 5a - 5e were randomly applied 

to the main plots. Pressure per linear centimeter, roll surface speed, 

ground speed (conveyors' speed), drying temperature, relative humidity, 

age of hay, rate of samples compaction and oven air velocity were con-

sidered as parameters and every effort was made to hold them constant. 

Calibrations and Adjustments 

The conditioning system was calibrated to provide 5.714 kg per 

linear centimeter. A digital force indicator and a load cell were used 

40 



41 

for this calibration measurement (Figure 15). The location of the 

weight on the bar, and the bar location on the upper roll frame was 

marked for easy checking during application of other treatments. The 

conveyor's speed was adjusted to 8 km/hr. During operation, it was 

checked and readjusted if required. A positive roller chain drive for 

each roll was provided. Timing was, therefore, automatic for the rub­

ber intermeshing and crimper rolls. All rolls except the nylon cord 

was adjusted to run at a peripheral speed of approximately 5 percent 

faster than the conveyor speed to insure that the rolls would be self­

feeding rather than the forage material force-fed by the conveyors. 

Initial runs were made with the nylon cord roll to provide infor­

mation as to its operation. Based upon these initial runs, 500 RPM 

was chosen as it did cause bruising on the stems with less damage to 

the leaves. 

The cooling system was adjusted to cool the laboratory room air to 

about 15° C and the oven was adjusted to maintain a mean dry bulb tem­

perature of about 37° C. This corresponds to a relative humidity of 

about 28 percent which simulates a good field drying condition. Drying 

conditions were kept constant for all tests and were monitored conti­

nuously during test runs so that the drying rate could be compared for 

the various tests. 

To find the temperature gradient in the drying chamber, a test was 

run with six unconditioned field samples. The result was that no sta­

tistically significant difference existed between the samples' drying 

rate at the 95% level of confidence. Six channels of an 8 channel 

Beckman Dynograph Recorder was used for recording the weight of each of 

six samples. The recorder was carefully calibrated before each drying 



Figure 15. Equipment Setup 
for Pressure 
Ca1ibration 
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run. 

Since the minimum chart recording speed was . l cm/sec, the paper 

driving motor was operated for short periods during the experiment to 

save on chart paper. A programmable timer system was added to the 

Beckman Dynograph Recorder to give short time recording signals. 

The timer was adjusted such that it was cutting off the main sig­

nal after 30 seconds. The recording length per signal was about 3 cm 

long. To achieve full information about samples weight changes, the 

timer was programmed to give 13 signals with half-hour intervals for 

the first six hours and one signal for the final four hours of the 

partial drying period. This gave 14 weight recordings for each of the 

six samples over a 10-hour period. 

Fresh Hay Supply 

To provide the same age alfalfa for repeated runs of the different 

treatments, an area of about 46.5 square meters of alfalfa was selected 

-- each two to three days, a 4.6 square meters area was cut to provide 

hay with the same growth period for each treatment to be run. Harvest 

for conditioning was done when alfalfa was 33 days old and at about 

complete bloom stage. Since the yield of 4.6 square meters in some 

plots was not enough for some runs in the first two replications 

(Season 1), a larger area was selected, irrigation provided, and a new 

cutting schedule developed for the last five replications (Season 2) 

(Figure 16). 



9-23-77 9-13-77 9-12-77 8-29-77 8-26-77 

35 25 25 16 15 

10-29-77 10-18-77 10-17-77 10-03-77 9-30-77 

0 0 2 3 2 

9-23-77 9-14-77 9-09-77 8-30-77 8-25-77 

34 27 24 17 14 

10-28-77 10-19-77 10-14-77 10-04-77 9-29-77 

4 2 1 2 3 

9-22- 77 9-15-77 9-08-77 8-31-77 8-24-77 

23 28 23 18 13 

10-27-77 10-20-77 10-13-77 10-05-77 9-28-77 

2 3 0 0 1 

9-21-77 9-16-77 9-07-77 9-01-77 8-23-77 

32 29 22 19 12 

10-26-77 10-21-77 10-12-77 10-06-77 9-27-77 

3 4 4 1 4 

9-20-77 9-19-77 9-06-77 9-02-77 8-23-77 

31 30 21 20 11 

10-25-77 10-24-77 10-11-77 10-07-77 9-26-77 

1 1 3 4 0 

Figure 16. Layout of Experiment at Field; Numbers in Each 
Plot Are Representative of: 1st - The Date of 
First Cutting; 2nd - The Plot Number; 3rd - The 
Actual Date of Harvest; 4th - The Roll Used for 
Conditioning 
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Treatment Application 

For a typical day's run the pans and the nylon sample nets were 

placed in both the complete and partial drying ovens (to be sure that 

they were dry the night before each main plot treatments were applied). 

In the morning, the cooling and partial drying units adjustments were 

checked. The Beckman Dynograph weighing and recording system was also 

calibrated by placing six 150 gram calibrating weights on the canti­

lever beams. The nylon nets and the clips were calibrated and kept 

associated with their respective cantilever beams. These were moved to 

the laboratory and placed in sequential order. The forage conditioning 

system adjustn~nt was checked. 

According to the randomization design, specified areas of alfalfa 

were harvested after dew was off. The harvested alfalfa was placed in 

a plastic cover to prevent moisture losses and moved to the condition­

inq laboratory. Measurements were made for the proper conveyor feed 

rate (Figure 17) and the hay was distributed uniformly on the first 

(belt) conveyor (Figure 18). The arrangement of hay on the conveyor 

was such that the alfalfa plants were fed with the stem end first and 

perpendicular to rollers' axes (Figure 19). The treated hay was stop­

ped for the one pass on the third conveyor and for two passes on the 

fourth conveyor (Figure 20). For each sample, 130 grams of hay were 

randomly selected from six locations of the conditioned hay and wrapped 

in the nylon net with two clips for a total of 150 grams (Figure 21). 

Again, it was placed under a plastic cover to prevent moisture loss 

while waiting for other conditioning treatments to be run (Figure 22). 



Figure 17. Weighing Hay for Uniform Distri­
bution Over First Belt Conveyor 
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Figur_e 18. 1800 Grams Hay 
Distributed 
Uniformly Over 
0. 372 Square 
Meters of First 
Conveyor to Simu-
1 ate Third Level 
of Feed Rate 
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Figure 19. Orientation of Hay Passing 
Through the Conditioning 
Rolls 
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Figure 20. The Treated Sample with Steel­
tiecord for One Pass, Stopped 
at Third Conveyor 
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Figure 21. Weighing Hay with Nylon Net and 
Clips to Nearest 150 Grams 
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Figure 22. Covering Treated Samples with 
Plastic to Prevent Moisture 
Losses 
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When all six conditioning treatments (of one main plot) were com­

pleted, all were moved to the drying room and hung on the cantilever 

beams (Figure 23). Weight recording was done as samples were placed 

in the partial drying oven and the timer was adjusted as close as 

possible to record the samples' initial weight as soon as possible. On 

the chart paper, the weight of samples were recorded fourteen times 

during 10 hours; in one-half hour intervals. The accuracy of the re­

corder after a ten hour drying period was checked by weighing each 

san1ple with a sensitive scale with accuracy of .Dl gram and recording 

this weight. 

San1ples were transferred from the nylon net to aluminum pans to 

the complete drying oven for dry matter determination (Figure 14). The 

drying period was 22 hours with the oven set at 100° C. 

Statistical Analysis 

The drying data was recorded on the Beckman Dynograph chart paper 

as mv/cm and was converted to grams as associated with the time of dry­

ing. The statistical analysis included the analysis of variance for 

different treatments and the least significant difference in drying 

rate of different rolls. The general linear model (regression) with 

different types of dependent variables (which describes the drying 

pattern of conditioned hay as a function of time) was fit to the data. 

The prediction equation for drying curves was developed and a confi­

dence limit interval at the 95 percent level was calculated. 



Figure 23. Treated Samples 
Located on Canti­
lever Beams in 
Partial Drying 
Oven 
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CHAPTER V 

ANALYSIS OF DATA AND DISCUSSION OF RESULTS 

The curves of evaporation obtained from this research are shown 

in Figure 24a through 28b. They indicate that only when the stem sur­

faces were crushed, crimped or bruised, the rate of evaporation from 

the alfalfa was increased. The drying rate curves showed high evapo­

ration during the first and second hour after cutting. In the third 

hour of drying, the rate of drying was lower but still of considerable 

amount. An average of 50 percent of the total moisture was evaporated 

during the first three hours after conditioning. Between three hours 

after cutting and equilibrium moisture, the evaporation rate was nearly 

constant and was considerably less than during the first hour of dry­

ing. The decrease in drying rate may be the result of the loss of sur­

face opening caused by the progressive closing of stomata. Because of 

a decreasing turgor pressure in the guard cells, most of the stomata 

may be closed after two hours of drying. This is in agreement with re­

sults reported by Petersen (1959) except the drying rate was about 8 

percent higher than reported by Petersen. This was thought to be due 

to the higher temperature and the lower relative humidity used in this 

experiment. 

After three hours, evaporation takes place only through the 

cuticle and possible wounds caused by mechanical treatments. Thirty 

different treatment combination drying curves (percent moisture content 
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vs. time) are shown in Figures 24a through 28b. 

Steel Tie-cord Rolls 

The drying curve for the steel tie-cord rolls for one pass are 

shown in Figure 24a. These curves indicate that the drying rate for 

feeding rates one and two is nearly the same, and that they dried 

better than feed rate three. Figure 24b indicated that for two passes, 

all three feed rates have dried nearly at the same rate. This could 

be due to more effectiveness of the second pass on the hay than for the 

one pass at third level. Figure 24c shows the time required for dif­

ferent levels of feed rate and the number of passes to cause hay to 

reach a 20 percent moisture content. This moisture content was con­

sidered as a safe storage moisture content without the need for pre­

servative types of additives. 

The basic aim of conditioning is to reduce the drying time re­

quired to approach the level of moisture such that hay could be taken 

from the field for storage and with lowest losses. In Figure 24c, the 

graph for the steel tie-cord rolls indicates that samples treated at 

both the first and second levels of feed rate and with only one pass 

approached a safe storage level after 4 hours and 45 minutes of drying 

while third levels of feed rate had required 6 hours drying time. The 

graph for two passes indicated that samples for both the first and 

second level of feed rates dried slower than when only one pass was 

used. The third level of feed rate required more drying time than any 

other combination at only one pass. However, the third level of feed 

rate required less drying time for two passes than for one pass. 
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Rubber Intermeshing Rolls 

The rubber intermeshing rolls drying curves are shown in Figures 

25a and 25b. Figure 25a shows the drying rate for one pass of the hay 

Jt the three feed rate levels. The results show that there is essen­

tially no difference among drying curves for the first, second and 

third levels of feed rate. Figure 25b shows the drying rates for two 

passes of hay at the three levels of feed rate. The curves for the 2 

passes indicate that the third feed rate level dried faster than the 

first and second levels. However, after 5 hours of drying, the first 

and third levels of feed rate had reached the same moisture content. 

The second level of feed rate required 10 hours of drying time to 

achieve a moisture content equal to that for the other two levels of 

feed rate. Figure 25c shows time required for hay from the different 

combination of feed rate and number of passes for the rubber intermesh­

ing rolls to achieve a 20 percent moisture level. The maximum vari­

ation was about 42 minutes. The time required to reach a 20 percent 

moisture content for one pass and two passes treatments was 5 hours and 

41 minutes and 5 hours and 26 minutes, respectively, when averaged over 

the 3 feed rates. 

Smooth Rubber Rolls 

The drying curves for the smooth rubber rolls for one pass treat­

ments at three levels of feed rate are shown in Figure 26a. The drying 

curves of feed rate level one and two are quite similar. While the 

third feed rate treatment dried at slower rates than the others. For 

two passes of the smooth rubber rolls (Figure 26b), the drying curves 
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indicate that the difference in drying rate among the different levels 

of feed rate has been reduced. All three feed rate levels have shown 

nearly the same drying rate. The time required for conditioned hay 

to reach the 20 percent moisture content level with one pass for feed 

rates l, 2, and 3 is 5 hours and 8 minutes, 5 hours and 15 minutes, and 

6 hours and 44 minutes, respectively. For two passes at the three feed 

rates, the time is 5 hours and 48 minutes, 6 hours and 22 minutes, and 

6 hours, respectively. The average drying time for one pass was 5 

hours and 42 minutes while for two passes, it was 6 hours and 3 minutes 

(Figure 26c). 

Steel Crimper Rolls 

The drying curves for the steel crimper rolls are shown in Figure 

27a and 27b. The drying curve of different levels of feed rate for one 

pass is compared in Figure 27a and indicates that all three treatments 

have dried nearly at the same rate. Figure 27b shows a little higher 

drying rate for third level of feed rate than two other levels when 2 

passes were used. 

The required time to dry the hay samples to the 20 percent mois­

ture content level for the different treatment combination is shown by 

Figure 27c. The required time to reach the desired moisture level for 

the third level of feed rate used with two passes was 4 hours and 30 

minutes and for all other treatment combinations, the time varied only 

between 4 hours and 58 minutes and 5 hours and 24 minutes. The average 

required drying time to achieve the 20 percent moisture level for one 

and two passes was 5 hours and 40 minutes and 5 hours, respectively. 
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Plastic Cord Rolls 

The drying curves obtained for plastic cord rolls are shown in 

Figure 28a and 28b. This roll was designed to study the bruising 

effect on the alfalfa stem. It was expected that the.plastic cord 

when used at a fast speed would tend to remove the wax off the stem 
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and aid in increasing the drying potential. It was thought that the. 

use of many cords would damage the stem of the alfalfa more severely 

than would the other type of rolls. The drying curve for the different 

levels of feed rate and with one pass is presented in Figure 28a. The 

results indicate that hay from the third level of feed rate dried fas­

ter than from the first and second feed rate levels. The drying rate 

for the second and third feed rate were nearly the same, however, the 

second feed rate had a tendency to dry faster than did the first feed 

rate. The curves for the two pass treatment combinations are shown in 

Figure 28b. The drying rate of second level of feed rate dried at the 

same rate as third feed rate level. The drying rate for the first 

level of feed rate was the slowest. 

The time required for the hay samples treated with the various 

treatment combinations of the plastic cord to reach the safe level of 

1noisture content (20% wb) averaged about 6 hours and 50 minutes for the 

feed rate levels of one and two when used with one pass and for two 

passes was about 6 hours and 18 minutes. The third feed rate level 

used with one pass required about 5 hours and 18 minutes and the two 

passes required about 5 hours and 15 minutes. This indicates that the 

second pass did not improve the drying rate for the third feed rate. 

When averaging over the feed rate levels, the average required time in 
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one pass was about 6 hours and 18 minutes and for two passes was 5 

hours and 57 minutes. 
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The data presented in the discussion was averaged over five rep­

lications for 30 factorial treatments. These combinations were the 

result of five rolls, two levels of passes and three levels of feed 

rates. The average time for hay samples from different levels of feed 

rates and at one or two passes to dry to the 20 percent moisture con­

tent level is given in Table IV for the different type of rolls. The 

numbers in the parentheses indicate the rank of each roll within the 

group. 

The treatment combinations that resulted in the shortest drying 

time to achieve the 20 percent moisture level was the steel crimper 

roll at third feed rate level and with two passes. The second fastest 

drying would be for the steel tie-cord at first and second feed rates 

with one pass. The plastic cord roll was the lowest effective roll 

when used at the second and first level of feed rate and with one pass. 

It has quite improved results with an increase in the number of passes 

and feed rates. It may be that it would be suitable for higher cutter 

bar/roll width ratio designs. The other roll-feed rate-pass combina­

tions appear to be about average in effectiveness. 

Statistical Analysis Results 

The change in weight of the hay samples due to the drying effect 

was recorded as mv/cm on the Beckman Dynograph output. The chart data 

was recorded (each millimeter deflection equal to 5 grams weight 

change) as the weight of the sample in grams at specified times (0.0, 

0.5, ... 10 hours) and punched on computer cards for statistical 



TABLE IV 

AVERAGE REQUIRED TIME OVER DIFFERENT LEVELS OF FEED 
RATES FOR EACH ROLL WITH ONE OR TWO PASSES 

TO REACH 20 PERCENT MOISTURE CONTENT 

One Pass Two Passes 
Type of Roll Hours Hours 

Steel Tie-cord 5. 17 ( 1) 5.42 (2) 

Rubber Intermeshing 5.74 (4) 5.58 (3) 

Smooth Rubber 5.70 (3) 6.05 ( 5) 

Steel Crimper 5.45 (2) 5.34 ( 1) 

Plastic Cord 6.30 ( 5) 5.95 (4) 
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analysis. 

The analysis of variance was obtained by using the Statistical 

Analysis System (SAS) with procedures on three different bases (using 

equation 1, 2, and 3). 

where: 

F = ((Wt 0) x 100)/(Wi - Drymat), 

Mw = ((Wt D) x 100)/Wi, 

Md = ((Wt D) x 100)/D, 

r is the percent fraction of water remaining at drying sample 

at t . "t" weight of water at time "t" x lOO. 1 me 0 r · · t · 1 · ht f t in1 ia we1g o wa er 
Wt is the weight of the drying hay at time "t". 

D is the weight of sample after complete drying (dry weight). 

( 1 ) 

( 2) 

(3) 

Wi is the original weight of the sample before drying (wet weight). 

Mw is the percent moisture content wet base. 

Md is the percent moisture content on dry base. 

The result of all basis analysis indicates that time was highly signifi-

cant with an a= .001. 

The observed significant level for roll effect using equation 1 and 

2 were 0.0512 and 0.771, respectively, which indicates that rolls were 

effective at drying (with 90 percent confidence level). Feed rate and 

the number of passes effects were statistically not significant. For 

more information, the reader is referred to Appendix A. The least sig-

nificant difference method was used to identify which mean effect of the 

rolls were statistically significantly different. The only significant 

difference in drying rate (at a = .05) was noticed between the steel 

crimper and plastic cord with steel crimper having a higher drying 

effect. 
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The data was plotted on different bases to observe the relation­

ship of the data. The results of plotting (Data in Appendix B) indi­

cates that the relationship between dryin'g time and either Log 10 Mw, 

Log10 Md or Log10 F results in a straight line plot. Data for each 

replication were plotted as a separate curve. From these plots, it 

was apparent that there was high variation between replication for the 

treatment combination that was plotted. Th~s same result was clearly 

shown by Straub (1975). For the control treatments after six hours of 

drying, he reported percent moisture (wb) varied from about 25 percent 

up to 50 percent. 

The general linear models (SAS) procedure was used to develop the 

equation to predict the required time to reach a specified percent 

moisture content for the wet and dry bases as well as for percent eva­

poration. The model for Mw as dependent variable indicated that the 

model fits the data with R2 = 0.86 and C.V. = 19.7179. It also 

indicates that both linear and quadratics are highly significant. The 

prediction equation for data of season 2, roll 0, pass l, rate l re­

sults in equation 4. 

Mw = 76.36 - 14t + .718 t 2 (4) 

Using Md as dependent variable, it shows a very low correlation 

coefficient and a high coefficient of variation. Using F as a depen­

dent variable, it shows a higher correlation coefficient R2 = .909 

and lower coefficient of variation. 

When using log10 F as a dependent variable, it fits the model 

with correlation coefficient and a coefficient of variance to 0.88 

and 6.43, respectively, and indicates that there is no significant 

curvature. The prediction equation is as follows: 
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log10 F = 2.007 - 0.103 t - 0.0005 t 2 (5) 

Because of a very small coefficient for the quadratic portion, it re­

duces to equation 6: 

1 og1 O F = 2. - . 1 03 t ( 6) 

The predicted equation estimates with a very large confidence in­

terval because of a significant difference existing among replications 

as mentioned previously. For detailed information, the reader is re­

ferred to Appendix C. 



CHAPTER VI 

SUMMARY OF RESULTS 

Hay is the most important forage crop in the United States. Since 

field curing may subject hay to weather damage and as a result causes 

considerable loss of nutrients, it is important to find the best pos­

sible and nrost economical method of curing the hay. 

Thirty treatment combinations involving 5 conditioning rolls, 3 

feed rates of alfalfa, and one or two passes of the hay through the 

rolls were evaluated as to the effect of these treatments on the forage 

drying rate. This experiment showed that the fastest evaporation was 

obtained when the plants were hard crushed, crimped and bruised. This 

is possible with increasing the number of passes; but, it varies by 

feed rate and the type of roll. The drying rate was improved by in­

creasing the feed rate for the plastic cord roll and the steel-crimper 

rolls. The SAS prediction e~uation resulted in a wide confidence in­

terval due to the variation between replications. Assuming that the 

drying curves are parallel, removing the replications effects the re­

sults in a more acceptable prediction confidence interval. 

Conclusions 

The conclusions that can be drawn from this research of the mecha­

nically treating alfalfa to increase the drying rate can be stated in 

the following points: 
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l. The difference in drying rate of conditioning rolls was not 

statistically significant. The only significant difference at 

a = .05 level was observed for the use of the steel crimper 

and the plastic cord rolls; the steel crimper rolls were more 

effective in increasing the drying rate. 

2. The one pass and two passes treatments do not show statisti­

cally significant differences when averaged over all rolls and 

the three levels of feed rate. 

3. The different levels of feed rate are not statistically sig­

nificantly different when averaged over all passes and rolls. 

However, the plotted curves show that an increase in feed rate 

may increase or not increase the drying rate, depending on the 

type of rolls used. 

4. The plastic cord roll was the least effective type in increas­

ing the drying rate but it shows more effectiveness when the 

feed rate was increased. 

5. The "best fit" model was achieved by considering the log of 

the ratio of the percent moisture remaining over initial mois­

ture content as a dependent variable and time as an indepen­

dent variable. 

Recommendations for Future Research 

l. Perform extensive tests to learn what is the basic factor 

which causes the high variation in replication. 

2. Determine the performance of each roll, independent from the 

others, in conditions very close to field operation. Then, 

compare the best achieved condition of each roll to evaluate 



lhe drying effects. 

3. The losses associated with the mechanical treatments are 

needed to provide more information concerning rolls, passes, 

and rate of feed. 
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4. A combination of mechanical treatments and preservatives may 

be very effective in reducing the required drying time and to 

improving the quality of hay. 
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TABLE V 

ANALYSIS OF VARIANCE FOR VARIABLE 
Mw (PERCENT MOISTURE 

CONTENT (wb)) 

Degree of Sum of Mean Probability 
Freedom Squares Square F Value > F 

Among Rolls 4 321l.82 802.93 2.47 0.0771 
Within Rolls 20 6498.67 324.93 
Between Pass l 538.13 538. 13 2.08 0.1582 
Within Pass 25 6458.73 258.35 
Among Rate 2 117. 45 58. 72 0.20 0.8186 
Within Rate l 00 28938.00 289.38 
Among Time 13 1157981.ll 89075.74 10000.00 0. 0001 
Within Time 1950 19367. 12 7.37 



84 

TABLE VI 

ANALYSIS OF VARIANCE FOR VARIABLE 
F (PERCENT FRACTION WATER 

REMAIN) 

Degree of Sum of Mean Probability 
Freedom Squares Square F Value > F 

Among Rolls 4 2790.63 697.66 2.83 0.0512 
Within Rolls 20 4922.82 246. 14 
Between Pass 1 891.41 891.41 2.06 0. 1604 
Within Pass 25 70818.49 432.74 
Among Rate 2 157. 82 78. 91 0. 17 0.8430 
Within Rate 100 45794.51 457.95 
Among Time 13 1973111. 68 151777.82 10000.00 0.0001 
Within Time 1950 26197.73 13.44 
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TABLE VI I 

ANALYSIS OF VARIANCE FOR VARIABLE 
Md (PERCENT MOISTURE 

CONTENT (Db) ) 

Degree of Suni of Mean Probability 
Freedom Squares Square F Value > F 

Among Rolls 4 289046.6 72261.64 1. 32 0.2952 

Within Rolls 20 1092280.5 54614.03 

Between Pass 13607.4 13607.37 2.42 0.1293 

Within Pass 25 140887.3 5635.49 

Among Rate 2 6221.8 3110.89 0.39 0.6811 

Within Rate 100 789797.8 7897.78 

Among Time 13 22682090.8 1744776. 22 4031.31 0.0001 

Within Time 1950 843973.0 432.81 



APPENDIX B 

PLOTS OF DRYING TIME VERSUS MOISTURE 

FOR SEASON 2, ROLL 0, AND PASS 1 
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PREDICTIONS OF THE CONFIDENCE INTERVAL 
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;n g>·, t:HF~m t:~~g~~in -o. 3~04>3 l .4298JS7 l 1 .. 82057194 
'1 3.0 :8:8::91~iP umm~ 1 .. 75612018 
n 03. 5 1.43 t.1546 1 .5005605'7 1. b96l 330S 
,'I 04.C'I 1· 3Sl687~1 t:~~~&:it :8: ~:g1~~l~ 1.2'4872')81 t.640~9'tb6 

" 04.S .l'5cl0l5 1 
1.14U412q t: l~t;!f~i 1:~2r~~~~t ;_IC, os.o • 1.60 ~'H 76 -o. lb48'5553 

.!t )'5. ") t :b f~~~t'~ 1:mns~i -3. !8!'~f" i .Aos"384 l.49902q42 .., Ob. 0 - • It 3 01 l. b6p363 1. 400312:0b 
't: 5 o.o o.qtt8H69q l .10 .. , 21 -0.11611 11 :LS9.J 73'l':l 1.,31S62b'>tr 
."~ i:SHH~:! 1·¥063i••7 ~=n~:t~g~ 10 08:~ 1:•mw~ -p'W"' II "·2 l:h~ 1 ~h l.84-'t02 '1 • 0 848l 1:.mm i:mim: ,, 01. ;J I. lb68H' :of mm 1·.,!w1• " g~:~ 1 •• l,.~12. t:mme, .49 ~44 t:~JZ~#64! ,,, 

.Ol87Zl43 ... 2 71 1.15•1\A3g " OJ. o 1:mmn 1:mPm 8:rum !·JS"' 14 "' ::n.'5 .. •98809 1.6961 30 

" ,4.:1 t:mum 1 ..... g9i• &: ·mm 1:mmu t·b404940t.. 

"' o". "> l. 3921J • \ -g. ~·~199t 1:~mmt '" o~.o 1.211•21f' I. HSHTZJ 1.14892lltl 

" 0 ~ .s 1.2• )i2 9 .302216~ - • a9 UH 1.10544 84 t ... 'l90291t2 

'" 06.0 :tsu~an -g. A 90•HJ A:m~M~ ·•6031206 
to;' L o.o l:lm.M • 1264b7 t. 31"62654 ., . oo.o 

i:m·m~ 
2.0lll1Zl7 

-o:onoz767 i•80bllb67 .2.2159't60b ,,,, oo.s 1.'lZ545Z90 2. l26'tl950 
'"' :n .:i 

I. ~98~3591 l.8•'402031 -o. 004 7't 7bl i:Zi~:~;~~ 2.'J't234509 
1,1, 01. !i t:mum a:&m~rn t:i~gNUt 1:~&4!U?t '•' n.o l:1~9Aif~J "Jl .')2.5 l .62'>20382 o. 0838 7~1 l .. 42983S71 t:,~2?~~~: '" 03. ') l .b74'i't541 1 :~ig~~&n &: iU~~~~~ t: ~g:::lA; ;0 ,"JJ.S l.b3J1SZ72 1.09613305 

" )4.0 l .'i9l76003 1 ."t44b09lb 0.14715077 l .. ~48723H7 1.64049466 .,,, 04.') l. 5"6002'54 l .39290~8't 0.15309771 l .196b8582 1.58912386 

" J5.J l .49485002 1.3 .. Slt4729 o. 14940273 i:l~~ll!~~ l.S419733l 
l\,i, 05. 5 1.44301838 l .30Z23bb3 0.14078176 l.49C}OZ942 .,,,) Ob.O l. l 77Jtl96 7 l .2632728ft 0.11381703 l .. 'J66ll363 1.46031206 
~,t, 10.0 l.12'tl5379 1.10445'0Z7 ,). 21970353 Y::~iirt:~ 1.315bZ654 

" ' oo. 0 
1:0H592721 

2.0lll32H 
-o:oo95Z5t.9 

2.2159 .. 806 

'" 00. 5 l.92S.t,529'l l.724.,8610 ~:t!~~!~32 '" o i.o 1 .. 66308483 l.B4'40203l g:8m~m u~imn f,() 01. 5 1. 71)788535 l. 76b8H6'0 1 .. 9b 349104 
•l n.o l. 767):)136 t.6'1169571 0~01111159 1.49 15544 1.88963611 

°' 02.s l.68]4.)130 1 .&2520382 D. 05til034 7 1.42981571 l.82057194 ,,, '}J.O l.6J225't78 l .. 5607587!. ~.07149602: 1.36539714 l. 7Sb12038 
14 Jl.5 l .57"26201 t .50056057 o. 07370226 l.3.0ii-95809 l .bQbl 3305 

"' 04.'J l.5120d"o40 l.4.\"'60Q2~ o. 0680751. J 1..2:.\872387 l.b4049466 
hf, Oo\.:S l. 41t090908 \ :~1~:2~~~ o.g••og-" 1.11166'8582 l.58912386' ., :)•Lo l: ~?f~i2~' 8:om m l: l~~li!~~ t: ~ti~!~!i '" JI). 5 l .30Z216&J 
(.'! 06 .o l. Z.869053 5 l.2td2128't O.OZ363251 l .06623363 l.'i-60312:06 
7·") 1 o.o t.lS4lZl35 l.10.,.50Z7 0 .. 01967309 a. 89327399 1.ll562651t 

r1k\~l<VAT [ 1•; ~J.S ""Of JSEO IN THIS A"IAL 'fS IS 

*Typical data for only one roll. 



101 

s,.. 2"" .RP~2/, no~n~.1°u~ue·1 * 21:0) THURSDAY, VIU:H B, 1978 

GE N€1U.l LI Nf AR 140DfLS PAOCE"OURE 

nf Pl:NOf'NT VA.Rt A!\lf: LPC T _·fVA 

sn11Pr F OF S~H nF SQUAPES fl4FAN SQUARE F Vi\l'JE PR > f R-SQUAtE c.v. 
.. mnF1 7. 039bti-2:78 3.51983119 458.24 0 .. 0001 o.9Jl871\o '5.!57}9 

FIUH1 1<. "' a. 51461t235 o. 00768123 STD OEV LPCT _EVA NEAN 

COfUlffHO TnTAL •• 7. 55430513 0.087M·262 l. 57237104 

<';0\JP(.F OF TYPE t SS F VllUE Pll ) F Of TYPE l'i SS F VHUE PR > F 

HR'°, 7.0l96lJS8 416.47 o. 0001 o.a11t11t431 113.80 0.0001 
HA> 0.00004919 0.01 0 .. 9lfa!S o. 00004919 0.01 a. 9165 

PlR~~~T~~~O •• > I Tl sr~sHmeo' PAlu,.q::rFR ESTPUTE 

INTfD.(.fPT .unnm .n:n 8:8881 8:Ui9~m ..,, 
"" 0 .000095 l 7 o. 08 0.9)6'5 o.oo 18919 

111\CiFRVHION "" Tl14E oase:~vEo PREOICTEO RES I OJU '~~M.m.E' UPPER 9SI Cl 
VALUE VALUE 1~DlVIOUl.l 

gg;~ i:m97m i:~imm :g:sm~m t·FJ"°•!' ~:1mm~ . 6R66 7 
Jl.O L.8t:102)7o\9 1 ·•rs••F l8P~~w \:l~. F~~ 1:~~~rn~} '• T' t:nwm :• m~s¥ l·~tw~· ., J .J 1.91 487' 

' J •• I .b%)5~•70 .&96H695 : :qza ~ I: •• mt 1·· W19• 
7 0 .o 1. !- 396'ilb0 .oH0750~ -g.01t 10611 .e i 21 o 

" :U.5 ~=~~~tt:ri 1.'74'52' .. ff0b'1bo\1 1·)9.t,89146 I: i·~t~W ., g::? \:?21~i~n =8: .mm :mttm 1 .• !. ,.,~ I 0 1. 36461283 
II 05.0 1. 3319637 l l. 38S06 759 -o. 05310188 \ .207532•• 1.56260223 
ll 'J"j.11) 1 • .?:ltl 78708 l .322934H -0.0111019 .1452131t 1 l. 500655~6 
\) :Jb.O t.19479052 1. 2608489) -o. 0660584 l 1.08293189 l.o\387bS97 
14 1 o.o o. 77293835 0.76587765 o. 0070&070 o. 5 7510122 0.9'.it.65409 

" oo.o z. 00000000 t :~2:2~i:~ :0:0m1m t:¥i~t2~!J z. 19042564 

"' )Q.o; 1.92162474 -8. 8 •• ,.32' 2.125641l3 
11 rn.o 1.8391023'. l .88381t5H 1. 70601 762 2.0blb7353 
IH H:5 t. 76878849 1.•r"~'' :s:mum l .b4lt-32 5!13 1.9983381)3 
10 t:i~~i~6~~ l :l :2t6~5 t:Hmm 1.935.ft.8745 
10 oz. 5 l. 87 298706 
,'\ 03.0 l. 55650165 l.63.ft07591 -0.07757't26 l.45742811 1.81072370 

" 0).5 l.4H57407 1.571752,5 -o. 09717839 1.391t8974b 1. 7486074-lt 
n 04. 0 um+m l.5094765S -o. 1)596488 1.33238083 1.66657233 
?4 J4.5 1.44724829 -0.1457703.ft 1.26992005 l.62457653 

" ~s.o 1.24156293 l .)85067S9 -0.11\350466 l.20753294 l .. 56260Z2l ,,, JS.5 1:!;2~~~?~ l .3Z29llt47 :&: i!Iti!?~ 1 .. 14521347 l .. SOObS546 

" 16.0 A:~:gg;n~ b:mnw l.438?b597 

'" l o.o 0.60474083 1.e21•q•1' 0.95665409 
'q JO.O 2.00000000 2.0090159l -o. 0090 l 591 2. l90425blt 
'0 :JO.") 1.95524368 1. 94640695 0.0088367't L.76710677 2.12:564713 
ll )1.0 l. 89 725 l 71t 1.88384557 o. 0131t0hl6 1. 70601 762 2.061673~3 
),' tJl.5 1. 8 J6608ll l.82133178 0.01527"5) l.64432553 1. 9983380] 
n 02.0 ~: a~~t~~ ~ 1.75886557 o. 01090024 l. ~8224369 1.93548745 
)4 02.5 l .6964ltb95 o. 0164 72't0 1.51990683 1.87298706 

'" xu l:~~'gg~~2 i:mnm s:mum t:mmu t:ngz~n2 .,. 
" :J4.0 l.5267l77b l .S09-.76S9 o.0112s110 l.33236083 l.68b57233 
'HI :)4.5 l.1772b589 l.4"t724829 -0.06998241 t.ZC.992005 l.b.Z't57b53 

'" 05.:l f:JtB~~g~~ i :U1~ti?1 :8: &i~:g~~; i:z~mm t: ~~s:~~~~ 40 05. 5 l.'2~llS5' 6 J~~"l89 41 ?8:8 l .Zb0tl489J -o.g~ 11330 1.43876597 
•I 0.840J4688 o. 7b5877~5 o. 44692 l .'> lP 22 0.95665409 
;I oo. 0 2.00000000 2.00901S91 -0.0090l5U t:nmm 2. l'10't2564 
1,1, oo.5 l.9lt881t748 t .94040695 o. 002't4:J53 2.1256471'3 
..:,•, Jl. 0 l.910lb06<1 l .88l!ilt5S7 ~.OZbJlSll t. 70601 762 .Z.06ltd353 
1,1, 

~~:' u~mm t:mmH :~i0?m2 l-r·"~" t:mum 
'" 'J . 8~b132J 1: m~.g1 '•ll l. 78612018 l .&9blt4b9'; l. 87299706 
'•'I 03.0 l. H4r774<J l .6340(59l O.ll065159 l .4574 811 l.81072370 
.. o )3.6> t:~~*~~~~l 1 • .,7l752'!> et. L31 ':>82Jb t· 3948974b i. 74860744 

" 04. 0 l .509-.7659 o. U810074 . H23~88l l.686572'B ., 04."\ t .6064Z480 l .4"t 7Z't829 8:U9Ht~~ 1·2•9• 05 l.t>2"t5765l 
"'\ 05.0 l.'55.\5Y3lb 1. )8506 7'59 l: ~~s~~;t~ r,,, 0'5 • ., 1.4886&464 l .3229307 0.16;73018 i:~~~~l~~~ 
'" :le. .o l .4)5728"> 1 A: ~:gg~¥U g• l71tl:t1Yl»<lt A:mnm 6 .438 7b5'H 
•;t l o.o o.(1sst.on1 .192729bb .4i!!>6b54-0fi 

"' 10.1) l. OOOOi.lOOO 2.00GI0159l ·&·009015•4 i.i2'"°•H 2.1q~42564 .. , 
5?:~ t:~H~Ht! p~mm - =8!nm3 I: mn6 Hhnm t,t) 

1,,, 0 l ."i l.B':il08015 l:~~U!U~ o. '174811 ...... >~ 
,,J ) ~. J l. 76 74d00q O. 008Ed4!>1 1.5822'•369 1.9354874~ 

::\ SU um~m t:~lt~?1H s·sr•eo,2 1:mmn urmm 
" rn .; o:o ~g~~7~ l.3948974b 1. 741:1bOH4 .. , 0'+. 0 l :~~~~~u~ l.509H6.5'.J 3:8i~~11~l t:1lU!8g~ l.b06S7233 
M 'H.5 t: ~~J5:'~~ 1.624576~3 ,,, 01;1. 0 t:;P~~~?L g· 83022998 1.f0153r· l:~~~igz~! i'ill ~'·' 

l.32293<1tH •• ,Zl 47 

"' . ·' l.26~19614 1.260B'489l : o~~~!~~ r l.OltZ93 89 1.4)876~97 
10 l o.o 0. 70316612 0. 7658776> -0.0627115.ft 0 .. 51510122 0.95665409 

*Typical data for only one roll. 



102 

SE •·2"" .&e~~b T IO~n~.1°•La.TE•l * 21:01 THURSDAY, 111u:H n, 1978 

GEf\IEM.t.l LHoiEA.R '40DELS ?~OCEOURE 

nFPFNNNT 'IAAIAfHE: lPCT .. "106 

SOUP Cr Of SU" o• SOUARES MEAN SQUARE f YALJE Pit > F ~-S.QUAR.E c. "· 
Mnni:i 3.55982'5 lO 1. 77991255 92. 79 0.0001 Q. 749581 b .. 3902 

flHl'W "' 1. 18926276 o. 01918166 S TO DEV LPCT-"'06 MEl\N 

UlP:RFC TF() TnTAt.. o4 ,. 7490878b 0.118,9786 2.t&n5Bl't 

".Ill/PC" F o• TVPE l SS f VALUE •• > F OF TYPE I~ SS f VALUC PR > F 

li>l', 

J:i6~?ff4~ 169. 55 O. OOJl 1.20408035 ~2.11 o. 000 l 
UI); lb. 03 o. oooz o. 107•.H 198 Hi.03 0.0002 

PA,OA~FT!;A. 
r FOR HO: ?R ) Ill STD ERR~ OF 

Ec;Tl'1ATE PARAMETER•O ESTUO,TE 

Y NT f I~(' F PT -5 :t~Jl3~ Jj ~i:H 8:~8gl &:8~i 1 ~iu fl~•; ... , o. 0084'-4176 4.00 o.ooo.z 0 .002l21l!i 

ClAHP\IATICN REP TIM: o~:f~rE fl PREDICTD RESIDUAL l OWER 95' C.L UPPER 951: CL 
VALUE 1-.0111 IO~A.l lNOlVIOUAL 

> • oo. 0 
i:ltl22bl't2 ~:~~mm -o: 1596()74-8 umms ~-9'08123' 

00. 5 .859681t19 
1 ) l.J .3-'t797828 i·"90bl61l :&: it~~~~2i i·2~·w·· 

2. 77'+-'t7074 
4 0 l .s 2 :~rzm9 1 .41nso4:> 2.69489819 

' g~:g 2.34051l17 :&:mm~~ 2:66·~ 1i~~ l.620647-'t4 

' L,lo •• ~. 2.21u1qez t:~~;nt~t 2.SSllt2278 
1 TL!) .l.(l758lll2 2.Z0737475 :8:Hmm ~:!~~g~~~1 ' ')}.~ 2.00623102 2.14117657 l.86721Hl.Z • )4. 0 2.23471035 2.09122526 O. l<lt34t8S09 t ='~g'g~g~ 2.37l!i68'53 

I 0 0'·· ') l .8'553 7S58 2.03952083 -O. l841ttS25 2. 32034158 
II gt~ l. 7768'H2S l.9921.)6329 -0 • .Z151690-'t 1.11080318 z .. H332339 
J;' l. 7 41t22Sl 3 l .9-'t88SZ62 -o. 204b2749 1. 66 7Zl 072 2.230't945Z 
n 06.0 1 .b lj.404850 1.9098888\ -0.25S8-'t031t 1.62789426 2.19188342 
14 ~0-~ 1.60705194 ~:~~mm -0. l41t014 J2 } .ltlt88392 9 ~-05329323 " . o. 0 • 95081213 

" ("IQ. 5 2: 493'503]q 2.5720b8q:) -a:o1ssos~1 2:~::tti:g 2:.85968'tl~ 
II Jl .J ~:H'mH 2.490()36ll -o. 075't4817 j:-2068()18!3 2.77447074 

'" Jl.5 
2. 2bi3Sl88 

2 .41H50~J -o. 08018487 .132002-'tO 2. 094898 79 
I" 02.0 2 .. 34051171 -o.01a1s9eq z .06037609 Z.62064744 

~;' ~u i:tmm~ ~:mHm :8:8J~~H n 1:mmii 2-55142278 
.4t:l696842 

?i ·n.~ z.oo;ooeiso1t Z.14711657 -0.09711153 l.8ft7lB112 Z.42707201 

" .)4.0 t .968 l H45 2.0912252& -0.12308781 l.81088199 2.37lS68":>3 
!'• '14.'S l.86707509 2.0395201H -0.17l44'H-'t l. 75870009 2.3203'+158 
l'· )'_>.) l. 7950"134 l.9q2Q6329 -0.19702195 I. 7108031 t> 2 .. 271323J9 
;>1. ')~ . ., 1. 7l'5ll6J2 l .9488526~ :&:mmu 1·••721072 2 .. 23049452 
, .. ., 06.0 1. 'l)43441tl l. 9098888• .b2789't.Zb 2.19188342 
.;»t l 0 .J 1.'J8278t.57 J :Z~+~t~H -o. 1682196.9 1.-'t4883929 2.0~329~2J 
?<J sg:~ 2>:.s111o1,95 ... 0:0129219-'t 

2. )&'t6l't40 2.95087233 
\(\ 2. S720b89J 2 .2B4>4>S)60 2.859684l9 
11 1)1.0 2.514WC>64 z • .i,906163l 0.02375433 2 .. 20680188 'l. f7't4 70 74 

" 11. ') l.. 45b~98b9 Z:.'+lH-50,J 0 .. O't2'H·809 z. ll200240 2 .. 6948Q8 79 

" )2,, 
~:i~3;fijl 2. 34051117 o. 0,5.!4350 2.0b031609 2 .62064744 

'4 O? • ~ l .271Bl98l a.OS709l9't 1:mum 2.55142278 ,, 01.0 ~:Hmm ~:mnm &:smm~ ~::~n~m '•· :n.~ ,, '.)4.0 2.1564~579 2.0911252) 0.0615230'i3 1.81088199 2. 3715685"3 

'" n.1t. s 2.08">87471 2.03952083 0.046}5388 l. H810009 2. 3C034l'.:IH 
'\•) 0') .o 1:m~m~ l .9920bl2'il :8: g~i~~2=~ t:mnm ~:}~~i~!~j {1') OS .. "> l .9-'t885242 
•I ·J6.0 l.Bl9lUti2 1.9098888\ -o .. 090615"22 i .. &.27894-2ti 2 .. 19188342 
4' 10.0 1.16228250 l. 7Sl0662& 0.03121624 l.44>883929 Z .. 05329323 

" . oo. 0 

~:i~~~~!f9 
2.65771t811 

-0:0)883170 
2.36"'62440 2.95087231 .,. )0 .. 5 2. 'H206890 2 .. Z81t453b0 Z.8S9b8419 

4~) }l. 0 2 .r..~Oti.3611 -0.00855163 2 .. 20b80l88 2.17-'t'e-7074 

" 5U ~:j;i~~r~~ ~:jtMi?~9 &:mmn umm~ 2. b':l 4898 79 

" 2.62064744 
•" ) z. "> 2. 35384330 Z.2111H98l 0.06202H8 l .94221686 2 .. ss14211a .. , ::n.o l. 31935738 2.207l74H 8: U&~i~t~ 1.92776108 Z .. 48t>96842 

"lr) J3 .5 2 .2 7796ltb9 §:~;n1~s; 1.8672811.2 2.1+2101201 
'>I 04. 0 2.2')657201 2.01os~oi1 o.11t,31t675 t:¥mm~ 2. 37156853 

~\ O't.'i 2.190814"2 &: u+~~~~~ 2.3lOJ4l'J8 
05 .. o ~-13%0l9q 1.99206329 l. 7108031 8 2.27332339 .. ,,, O'.>. ':> .08183036 l .')48852f>2 0 .13097713 l.66721072 2 .. 2304-94'52 

•;<; )6. '.) 2.0219Ul1H l.t,IOqB1'884 C.1120131)0 l.b2781J421J 2.191883'.2 .,,, . bi:6 l.9b8<.Jo517 ~:mmn o. 21189950 ~-r883929 i:mnm " •;11 JO.'> 2:6704"1454 2. 5 720b690 o: 09834"565 2: ~~~;~g Z.85966419 
'>') n . ., 2.6L 7512lb 2.~9063611 o- .. 12b9H8S ~ :i~~gg~2g ~- 77447074 r.n !') t.5 2. 54t2J12b6 2 .. 4l'34~0b0 o. 12892209 .6948987') ,, .) 2 .J 2.52llo-9470 2.3't05Ll77 o. 18098293 2.J6037b09 2 .620647't4 
1,/ 02. 5 2.4371:t94bJ 2.27181982 O. lbb0748 l l.99221686 2. 551422 71:J 
/, ~ J3 .. ') 2.}8614211 2.207371t75 o. 17936716 1 .. 92778108 l .. 41:\6968'42 
(,I, ()).'.t l.3.2815016 2 .. l.4717657 0.18157360 1.8672'811.2 Z .. 47707201 ,. 0"'.0 2.26717173 2.0912252~ () .. 17594-b47 l.8106819Q 2.371568,3 

"' )"·" .2.19'539641 2.0395208) I). 15587558 l. 75870009 Z.32034158 ,,, OS .o 2.14751580 l .99Zl&321 0.15547251 l. 71080318 2.2:133.2339 
;'~ '.)'). 5 Z.OB'ifUll l. 9468')26'~ 0. llb859-'t9 1.66 72107 2 2.23049.i,52 

,)6 .(l Z.04l'N2b9 l .. 90988884 8: fl~~2!2~ l. 62789426 2 .. 191883~2 
M l J •. ') l.936t>l0b'i l. 75lJb6H l .•H883929 z. 0532932 3 

1'11\~I kVATf•)N ~A~ ~OT US(i} JN THl5. ANAl'l'SIS 

*Typical data for only one roll. 



APPENDIX D 

CALCULATED MOISTURE CONTENT (wb) 

FROM ORIGINAL DATA FOR 

SEASON l AND SEASON 2 

103 



* 
•Jiis* TREAI fl HE ORMT MClfB )SS TilEAT T 1'4E )IHH H:olB OoS I REAT TIME )IHI '!:~II OH THl T Tl HE )Q. 'IT ~CW8 

(./') 
1 11121 o.o 37. l 69.2 51 11113 O.J 31.0 ro l'.l.4 113 11312 o.o 39.0 b~.4 l69 ll223 o.o 2d .ll 11.1 

ro 2 l l l l l 0.5 31. 3 58. 8 58 llll3 J.5 31.:> I>~ ·" lH ll3ll o.s 39.0 6l.1 110 ll2ll o.s 28.8 12.il 
3 l ll21 l. 0 37.3 50.7 59 11lt3 l.O H.O 5~. J 115 11312 l.O 39.0 sr,.9 171 11223 1.0 28.8 68.4 

"'O 4 ll 121 l. 5 37.3 4t3.8 60 11113 l. 5 37.0 Sl. :l ll6 l l312 1.5 39.0 51. 0 112 ll223 l.5 ~8.11 H.l s:u 5 11121 2.0 37. 3 37. 8 61 11113 2.0 31.!) 4~." ll 7 11112 2.0 B.O 4t5.5 113 11223 2. 0 28.8 48.2 \0 
ro f, 1112 l l.5 37.3 H.2 62 lll ll 2.5 31. :> 42. 4 118 11312 2.5 H.O 4). !l lH ll223 2.5 28. 8 "1.11 

7 11121 3.0 3 7. 3 28.8 63 llll3 3.0 31.0 3~." ll9 11312 J.O 39.0 36.9 115 11223 3.0 ze.s 39.'> 
---' 8 11121 3.5 37.3 2't.O 61o 11111 3.5 31.0 3<.4 120 11312 3.~ H.O H.3 116 ll223 J.5 28.8 36.J 
--' q l l lZl ".o 37. 3 2J.Z 65 ll l 13 4.) 37.0 3).8 lZ l 11312 "·o 39.0 10.2 111 ll223 4.0 28.8 H.5 ........ 

10 11121 4.5 31.l l1.2 66 11111 i..5 H.:> 21.2 12 2 llll2 ".5 39.0 21. 5 118 ll2H 4. 5 28.8 28.3 
-ti l l 11121 5.0 37.3 14.6 67 11113 5. 0 37.0 2;..o l2 l l lll2 5.0 39.0 ZJ.5 119 ll2Z3 5.0 28.8 25.6 
0 12 11121 5.5 37.3 12.) 68 lll ll 5.'i 37.0 u.a 124 11312 s.s 39.0 20.0 180 11223 5.5 28 .8 Zlo." -s 13 11121 6.0 37. 3 10. 1 b9 11113 6.0 37.0 B .2 125 11112 6.0 311.0 17 .b 181 11223 6.0 28. 8 23.b .... I'< 11121 11> .o 37.3 3.9 70 11113 lo. 0 31.0 3. () l2b 11312 10.0 H.J ~. 1 U2 UZ21 10.0 Z8.6 5.3 
0. 15 11112 o.o 38.0 b8.9 11 11111 o • .) 31.J 63.8 127 11311 o.o 3b.l b9.8 183 ll2ll o.o 2 8. II 16.b 
ro 16 l ll 12 0.5 36.0 59.9 72 11111 o.5 37.J 51.0 126 11311 0.5 H.l M.4 lH 11213 o. 5 28.6 61.,. 
::::$ 17 11112 &.o 38.0 51.9 73 11111 l.O 37.0 51. l 129 11311 l.O lll.l 5~.l 185 11213 1.0 211.8 b0.3 
rt 18 l 1112 l. 'i 38.0 lo8.'t H 11 l l l 1.5 37.J 4'< .1 110 11311 1.5 38.1 52.6 186 11213 l.S Z8.8 55.0 .... 

19 11112 z.o 38.0 lo2.9 15 11111 2.0 .37.0 lo). l 111 ll3ll 2.0 38 .1 <t8. l 187 11213 2.0 28.8 "8. 9 -ti .... 20 I l 112 2.s 38.0 ltl .6 lb 11111 2.5 31.0 35." U2 l llll 2.5 111.1 
""· 0 

188 11213 2.5 28.8 't2 .8 
() 21 11112 3.0 36.0 34.5 11 1111 l 3.0 H.O 31 .2 lH 1 l3ll 3.0 38.l 39.9 189 11213 3.0 28.8 38.8 
Q.I 22 11112 3.5 36.0 30.5 16 11111 3.5 31.0 21. 0 134 l 13U 3.5 38 .1 l~.1 uo 11213 3.5 28.B H.1 
rt lj 11112 ft. 0 38.0 26.9 79 11111 "· J 31.:J 22 .8 115 11311 4.0 311.t n.s 191 11213 4.0 lfl .B 10.7 ..... 
0 74 l ll 12 lt.5 38. 0 21.1 80 ll l ll lo.5 31.0 lJ .8 136 11311 

"· 5 
38.l 30.l 192 ll213 

"· s 
28.8 25." 

::::$ 25 11112 5.0 38.0 20.1 11 l 111 l l 5.0 37.0 H.1 137 11311 5.0 38 .l 27.7 lH 11213 5.0 28.8 21. 7 
lb 11112 5.5 36. 0 l 7. 1 82 111 ll 5.5 37.0 15. 2 138 1 l3ll 5.S 3 ti .1 23.b lH ll 213 S.5 28.8 18.5 

0 21 11112 6.0 38.0 ls.& 83 11111 b.O 37.0 lt. 5 ll9 l l 311 6.0 '18 .1 2).1 195 11213 6.0 2 ti. 8 14.6 
-ti 28 ll \12 10.0 38.0 1.:> 84 lll ll lv.O 31.0 5.9 HO 11311 10.0 38.l 5. I> H6 11213 10.0 28.8 5.4 
:::r 29 11123 o.o 31. l 70.!> 85 11323 o.o 39.0 "". 5 1" l 11321 o.o 311 ... 69.2 191 11221 o.o 28.9 16.9 
ro 30 11123 0.5 .n.1 64.3 86 11123 0.5 39.0 51.3 142 11321 0.5 3&." 60.9 198 11221 0.5 211.9 611.5 
s:u H 11123 l. :i 37.1 5 7. 9 87 11323 1.0 39.0 'td.8 t-;.3 11321 1.0 38.11 51.8 199 11221 1.0 28.9 1>0.9 
0. 32 11123 1.5 31.l 53. 2 88 11323 l.5 39.J ltl • 5 ..... 11321 1.5 38.9 H.5 200 11221 l. 5 2d.9 56.l .... 

33 l ll21 2.0 37.1 lt8. 5 89 11323 2. 0 39.0 3;. 3 145 11121 2.0 38.9 1o1.2 201 11221 2.0 28.9 lt8.9 ::::$ 
lCl 3,, 11123 Z.5 37. l ltl. 8 90 11323 2.5 39.0 31. 5 llt6 11321 2.5 Hl.9 3b.4 202 l 122 l 2.5 28. II H.l 
(/) 35 11123 3.0 3 7. l 39.2 91 11323 3.0 39.0 21.0 147 I 1321 l.O 311.9 32.5 203 11221 J.O 28.11 18.5 

36 11123 3.5 37.l 34.5 92 11323 3.5 39.0 ZJ. 0 l't ii 1l321 3.S 38 .9 B.5 2)ft 11221 3.5 28.9 h.5 
37 11123 <t.O 31. l 30.7 93 11323 lt.O 39.0 n.11 llt9 11321 

"· 0 
38.9 H.6 l!l5 11221 

"· 0 
2 8. 9 30. 'j 

38 l ll Z.l "· 5 .H.l 2 7. 2 94 11321 4.5 39. 0 B.l 150 11321 ft .5 33 .~ n .6 206 l l 22 l "· 5 28.9 2 7. 3 
39 11123 s.o 37.l lit.It 95 11323 5.J 39. 0 lJ. 3 151 11321 5.0 38.9 16..7 2)7 1122 l 5.0 2 ll. 'I Z}.1 
'tJ 11123 5.5 37 .1 2.:l.6 % l132l 5.5 39.0 ll. 1 152 ll.ill 5.5 ld.9 13. l 208 11221 S.5 2 8 .9 20.9 
4 I 11123 6.0 37.l 18.b 91 11323 6. 0 39.0 L3 153 11321 b.O 3il .9 12.3 209 11£21 6.0 211.9 16.9 
.. z 11123 la.o 37. l 9.0 98 11323 10.0 39.0 ·L.J l ~4 l l lll 10.0 l II.°' 2.8 210 ll221 10.0 28.9 4.9 
43 11122 o.o 36.5 10. 7 99 11313 o.o 3 II. 'I 6i .& 155 1132< o.o 111.0 7:J. l 2ll 112 l l o.o 29.5 11.0 
4t, 11122 0.5 )(,. 5 b3.l l 00 11313 0.5 311.9 5~. 5 l5b 11322 0.5 38.0 61.3 212 11211 0.5 2'1. 5 10. 7 
45 l ll2l l.J 36.S 59.0 101 11113 l. J 38.9 5J.9 157 1132" l.O )11.0 5•. 0 213 ll21 l l.O 29. 5 blo.5 
.. b l ll2l l. 5 36.5 54.2 l 02 11113 L.5 38.9 ""." l jij l l32l 1.5 3t!.O 411." 2H 1121 l l. s 2 9. 5 59.0 
47 11122 z.o 36.5 ""·" 103 11313 2.0 3d.9 3,. .. 159 l 1322 ... 0 38 .o 4 2 • " 215 ll 211 2.0 2 9. 5 55.l 
411 11122 2.5 3b.5 45.8 104 ll3l3 2.s 3d.9 33. l 160 11322 2.5 311.0 17.2 216 11211 2.5 29.5 s l .2 
4\1 l l 122 3.0 36.~ .. 1. 0 l 05 11313 J.O 311.\i n.1 lb I 11322 1.0 16 .o 12.6 211 1121 l 3. 0 2 ... 5 41>.5 
50 11122 3.5 3b.5 37,S 106 11313 3.-S 3il.9 2:>. l lb2 ll32l 3.5 l B. 0 2'.3 218 ll 2ll 3.5 29.5 "l .8 
Sl 11122 

"· 0 
36.5 34.5 107 11313 "· 0 38.9 Zl .9 l6 3 11122 4.0 38.0 H. 5 219 1121 l "· 0 29.5 38.3 

')l lllU 
"· 5 

36.5 30.9 I Otl ll 313 4.5 38.~ H.'t l !o" l l 322 4.5 3d.O 22. 3 220 1121 l 4.5 l9.5 34." 
'\l ll 122 5.0 36.5 21. 3 lO<J 11313 5.J lll. 9 17 .o 165 11322 s.o ld.0 l 9. l 22 l 112 l l \I.() z ·J. 5 30.9 
')4 l l l 22 s.s 36.5 24.7 110 11 JlJ 5.5 38.~ Ii ... lbb l lll2 5.5 311.J 16. 3 222 1 llll 5. s 2'1. 5 21.1 _. 
55 11122 6.0 36.5 22.s l ll 11313 6. 0 38." l ~. 2 lSl 113U b.O 16.0 13. ') 2ll 112 l l 6.0 29. 5 23.8 0 
56 11122 lll.~ Jb.5 10.ft 112 ll llJ lv.O 31!.'I 3.3 163 l 1322 to.a 38.0 ,.o 22" 11211 lO.a 2~.5 ti. 2 ~ 
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OtlS T KE~T TIME ORHT HCWB JBS TREAT T PIE ORIH H: WB oas T Rt AT TIME li~ 'IT .. ::. .. 11 OBS TREAT Tl>IE DRHT '4C~B 

44'l 12321 o.o 26.l 19. l 505 12211 o.o 26.5 11.v 5ol I 2.212 o.o 21.1 11.5 611 12422 o.o ll. 1 11.13 
450 12321 0.5 26. l 69.~ 506 12211 o.~ lb. 5 6!>.7 5b2 12212 0.5 21. 7 65.3 618 12422 o.5 Z I. 7 bS.8 
451 1232 l 1.0 26.1 61.9 507 12211 l. :> 26.5 51.1 5o3 12212 l. 0 21.1 ">5.9 619 12422 1.0 21.1 51.0 
452 1232 l 1.5 26.l 55. l 508 12211 1. 5 26.5 43. il 564 12212 1.5 21.1 't9.0 620 12"2 2 1.5 21.1 48.6 
453 12121 2.0 26.l 48.3 509 12211 2.l £6. 5 42 .. 565 12212 2.0 21.1 41.7 621 12"22 2.0 21.1 H.8 
'tS4 12321 2.5 26.l 'wl. l 510 12211 2.5 26. 5 3>.3 566 l 2212 2.5 21.1 36. 4 622 lzt.22 2.5 21.1 )3.8 
455 l 2321 3.0 j?b .1 37.9 511 12211 3.0 Zb.5 2ti .8 561 1221Z 3.o 21. 7 30.3 b23 12't22 3.0 27.7 28.b 
456 12321 3.5 20.1 32. 7 HZ 12211 3.5 zi...s 23.8 568 12212 3.5 21.1 25.'t 62" lH22 3.5 Z1 .1 21.0 
t,51 12321 .... 0 26.l 27. 5 513 12211 .... o 26.5 1) .i. 5b9 12212 4.0 27 .1 21.lo 625 12io22 .... 0 21. 7 18. 2 
458 12321 4.5 lb.I 23.11 514 12211 

"· 5 
26.5 lS. '9 570 12212 4.5 21.1 19. 1 626 12422 .... 5 21.1 15.0 

459 12321 5.0 26.l 20.3 515 12211 5.,) 26.5 12. 5 511 1Z212 5.0 21.1 lb.5 621 lllo22 5.0 21.1 13.0 
't60 12321 5.5 lb.I 11.11 516 12211 5.5 2b.5 11. 3 512 12212 5.5 27 .1 13.1 628 12 ... 22 5. 5 21.1 10. 6 
lob 1 I l32l b.O 26.I l 5. I 5 17 l2211 6.3 26.5 9.2 573 l221l 6.0 21.1 l2.8 fo211 12H2 fl.O 27.7 9.& 
462 123Zl l0.0 26.1 3.5 518 12lll lO.O u •. 5 3. 3 Slit 122ll lO.O 21.1 5.1 630 ll'tl 2 l o.o ll. 7 3.0 
463 l 2323 o.o 25.5 19.3 5 l9 11221 o • .:J lb.II 11.6 57!> I 2213 o.o lb.ii 78.0 631 lZitl l o.o zs.1 80. I 
464 12323 0.5 25.5 b8. 7 520 12l21 0.5 26.9 bB .O 576 12213 0.5 lb.B bl.It 6)2 12"'13 o.s 25.3 lZ.b 
lt6'> 12323 1.0 25. 5 59.8 511 12221 t.O 26.11 6J.l 511 12213 1.0 26.8 59.6 633 12"'13 1.0 25.3 65. 5 
lt66 12313 1.5 25.5 52.0 521 12221 1.5 26.9 5Z .ta 518 122U 1.5 lb.8 52.2 6] ... lHll !.5 25.3 58.8 
467 12123 2.0 25.5 ... 5.9 523 ll22 I 2.0 26.9 lt5.5 5111 12113 2.0 2b.8 't5.2 635 12413 2.0 l5.3 5it.5 
468 12313 2.5 25. 5 38.6 Slit 12211 2.5 26.11 0.1 5;)0 l 1213 2.5 26.8 39.9 636 12413 2.5 25.3 48. 2 
469 12323 3.0 25.5 3..,.1 525 11221 3.0 26.9 3~.1 561 l 22ll 3.0 26.8 3't.6 631 12"'13 3.0 25.l 't4. 6 
It Ii) 12323 3.5 25.5 28.5 526 12221 3.5 26.11 211.0 582 12213 3.5 26. tl 211. 3 638 12"'13 3.5 25.3 '90. 1 
471 12323 4.0 25.5 22.8 527 12 221 4. 0 26.9 23.t, 5!1) 12213 It. 0 26.a 24.3 6)9 12413 4.0 2 5. 3 36.6 
't72 11323 lt.5 25.5 19.5 528 1222 l "· 5 l6.ll U.3 5a4 I 2ll3 "· 5 l6.8 20.1 61t0 12"'13 .... 5 25.3 1a.5 
411 12323 5.0 25.5 16.3 529 12221 5.J 26.1 l>. ~ 5d5 12211 5.0 21>. II 16. 1 "l 12413 5. 0 25.3 2 0. s 
4 1t, ll32l 5.5 25.5 13.8 530 12221 5.5 26.9 lit. 3 5U6 11213 5.5 26.8 15.3 6't2 12"13 5.5 25.3 u.o 
t,7'> 12323 (a.() 25.5 10.6 5 JI 11221 b.O lb.9 ll .11 5117 122l3 6.0 26.li i't.t M3 llltl 3 6.0 2 5. 3 19.8 
41b 12323 10.0 25.5 3.3 532 12221 I o.o lb.9 l." 588 12213 10.0 lb.6 6.7 6 ...... l2itl3 Io. 0 25.3 1.l 
't11 12312 a.a 25.6 111. 3 533 12222 a.o 21. 0 11.1 5d9 l 242.i o.o l5.5 B.l 6lo5 lHll o.o 21. 4 11.'t 
418 12312 o.5 25.la b8.3 534 12222 0.5 21.0 68.6 5<J:l 12421 0.5 25.5 b5.b """ ·llt,12 0.5 H .4 b5.4 
479 12312 l.a 25.6 59.,. 535 12122 1.0 2 1. J bl • 2 591 12423 l.O l5.5 5}.3 b"1 lHlZ l. 0 2 7.lt 5b.1 
480 12H2 1.5 25.b 52.6 5 36 l222l 1.5 l1. () 5•. 5 592 12"23 1.5 25.'> t,l. 8 648 12412 lo 5 21 .4 48.4 
ltcH 12312 2.0 25.b 4b. 5 537 l2l22 2.,) l 1.0 ... 1.9 593 ll't23 2.0 25.5 36. 5 b~9 lHll z.o 21.4 H.2 
482 l2H2 2.5 25.b too.a 5l8 l2222 2., l 1. 0 t,2. b 594 l 2423 2.5 25.5 28.7 fo50 1Hl2 2.5 21 .... H.l 
483 12312 3.0 l5.6 35.5 539 12222 J. :l 27.) 3t.." 595 12'tl3 3.0 25.5 2't.2 1>51 12"1l 3.0 21." 11.1 
48 ... 12312 3.5 25.6 11. l 540 12222 3.5 27.() 31 ·" 5~6 12"23 3.5 25.5 20.1 b52 12411 3.5 Zl ·'- 2':i. l 
itll5 l2ll2 lt.O 25.6 21.J 541 12221 4. 0 21.0 z;.9 5111 I 2't23 4.0 25.5 u •• o 65) 12412 .... 0 27 .'t 20.3 
4116 12112 '-· 5 25.b 23.9 H2 12222 4.'> 21.0 Zl. 1 5'ld 11423 ". 5 25.5 13.l b54 12412 

"· 5 
21. 4 16.7 

481 12312 5.0 l5.b 22.2 543 l2222 5.J z 1.0 B .a 599 11423 5.0 25.5 12.3 655 l2'tl2 5. 0 2 7. 4 l "· 4 
4!lti 12312 5.5 25.6 19.8 ,,,,. 12222 5.5 21.0 l:>. 1 603 12423 5.5 2.,. 5 ll.1 651> l2itl 2 5.5 21.'t 13. 3 
lt89 12312 b.a 25.la 16.9 5't5 12222 b.J 21.0 B.fo 6:>1 12423 b.O 25.5 11.0 651 llitl2 t.. 0 2 l. 4 ll .2 
490 12312 10.0 25.6 9.2 54b 12222 Io. J 21.0 h5 602 I 2423 10.0 25.5 ".1 t.58 12"12 10.0 21.t, 3." 
491 12311 o.o 26 .1 78.8 5't 1 12223 o.o 21.l 11.9 t.Jl 12421 o.o 2~.7 79.2 fo59 lZ'tll o.o 26. it 78.5 
492 12313 0.5 2b.l 1>9.8 5't8 12223 0.5 21.2 7:). 2 bl't 12421 0.5 25.7 bl.9 t.60 12411 0.5 2b.4 b3.9 
493 l2313 l.O 26.l b 1. 7 5't9 l2223 t. a 21.2 62.8 6'l5 12't2l 1.0 25. 7 56.9 6"1 l24l 1 1.0 26.'t 52.5 
it'l'o 12313 1.5 26.l 54.ft 550 12223 1.5 27.2 56. 0 6)6 12"21 1.5 25.7 lo8.0 662 12"11 1.5 lb.lo 't't.O 
495 12313 2. :J 26. 1 41. 5 5 51 12223 z.o 21.2 51 • 5 f,}7 l 2421 2.0 25.l 43. b 663 l241 l 2.0 26." 31.5 
4'lb 12313 l.5 26. l it2. 2 552 12223 2.5 2 7.2 't~.b 60tl 12421 Z.5 25.7 )3.t, bblo lZHl 2.5 lb.ft 31.4 
io'H 12313 3.J lb. 1 36. I 553 l2ll3 3.0 21. 2 42. 5 609 l 242l 3.0 l5.7 21.a 6b5 lHll 3.0 26.lo 26.5 
4 .. 8 12313 3.5 26.l 31.2 55't 12223 3.5 21.l 11. 2 610 12"21 3.5 25.7 23. 3 6bb 12"11 3. 5 lb.ft 22. 4 
4'l9 ll3l3 '-· 0 26.l 26.7 555 12221 

"· J 
27.2 32. ~ bl l 12421 4.0 25.7 l6.9 f>b1 l2 "11 4.0 26.'t 18." 

50J 12313 '-· 5 26.I 22.1 556 12213 .... ., 21.2 2".3 612 11421 "· 5 25.1 l5.6 668 l241 l .... 5 26~4 15.l 
5JI 12313 5.0 lb.I 19.0 557 IZZ23 5.,) 21. 2 2<.6 613 12"21 5.0 25.1 12. 4 6bll 12411 5.0 lb.lo 'l. 8 
502 12313 5.5 lb. l 16. 2 558 l2223 5.5 21. 2 21.6 614 l lit2l 5.5 25.7 ll .b bl() 12"11 5.5 26.4 1.a 

_. 
503 12313 b.O 26. l I 3. 1 559 12223 6.J 21.2 u.1 bl5 12"21 6.0 25.l 9.6 bll ll411 6.0 26.lo b.2 0 
50't 12113 10.0 lb.I 5.6 560 ll223 lO.O 21. z 5.9 blb l 21t2l l0.0 25,1 J.5 bll 12"11 10.0 26.4 l.7 C1\ 
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OBS TRE 4T Tl'IE ORMT HCWS JBS TREAT TI ME ORMT 14: WB OBS TREAT TI 'IE O~'IT .. ::.,.a OB~ TREAT TIME H'll 'ICWB 

897 21Dl3 o.o 31t.6 7 2. l 153 214>21 J.J 31.() 75'. 8 l.l\19 21121 o.o 32.9 73.l 10!>5 2llll o.a n.2 14.l 
898 21023 o. 5 31t.6 60.lt 954 21"2 l 0.5 31.l h.3 1010 2 ll2J o.5 32 .9 6l.2 10116 2llll 0.5 33.2 1>5. 1 
899 21023 l.O llt.6 49.9 ~55 2 l't2l l. :> ll.O o5.9 tall 21123 l.O 32.9 51. 7 101>1 21111 t. o 33. 2 55.9 
900 21023 t.5 31t.6 lt2. 7 ~ 5t. 2l't21 1.5 :u.o 57.3 t012 21123 l.5 32 ·" 'ta. 9 1068 21111 l. 5 H.2 48.7 
9al 2 l'l23 2.0 lit.I> 35.8 957 2H2l 2.0 11.a 5:>. 7 1013 21121 2.0 32.9 llt.2 1069 21 l l l 2.0 33. 2 itl.6 
902 2 lll21 2.s 3't.b H.8 :;5s 2 H2l 2.5 3 l. J 't\. 5 lal't 21123 2.5 l2 .9 2s.o 1a10 21111 2.5 H.2 17. 3 
903 21023 3.0 lit. 6 27.3 ~59 2 H2 l 1.a H.O H.b lOH 21123 3.0 32.9 2 l.,, 1071 2111 t 3.0 11.2 30.9 
904 2 taH 3.5 3't.6 21.1 ~60 21"21 3. 5 11.0 33.4 lOlb 21123 3.5 32.9 18. <j 1072 21 ll l 3.5 H.2 26.5 
905 ll023 4. () 34.6 20.1 961 2H2l 

"· l 
31.0 2'l.8 toll 2 ll23 lt.O 32 .9 15.6 1013 21111 lt.O n.2 22.8 

901> 2 102 3 "· 5 3". 6 l 8. 5 962 2 H2 l 
"· 5 

31.0 2~.1 1018 21123 lt.5 32.9 12.3 107" 2111 t 
"· 5 

33.2 t 9. 9 
907 2t023 5.0 3". 6 16.5 963 21421 5.0 H.O 22. 3 t0l9 2t123 5.0 32.9 11.5 1075 2ll ll 5.0 H.2 18.5 
908 21023 5.5 3". 6 15.b 91>1t 21421 5.5 31.;) n.1 1020 21123 5.5 12 .9 10.7 1071> 2lltl 5. 5 B.2 t5.5 
9J9 2 t021 "· 0 34. 6 t 9. 1 965 2t42t 6.0 31.a t> .o ta21 21123 6.a ]2.9 9.3 la77 2tlll b. a B.2 12. 7 
91a 21023 10.a l't.6 5.2 ~66 21421 tO.J JI.:> 1.6 toll 21121 la.o 12.9 1.1 1a18 21111 la.o H.2 5.8 
911 21021 o.a 34.lt 1l.a 967 21423 o.o 3a ... l!> .1 t023 21121 a.a H.'t ll.3 1019 21112 a.a 32.2 74.4 
912 21a21 o.s lit.It 59. 1 968 21423 O.':i la.4 71.3 t021t 21121 o.s 33.4 l>lt.9 l08a 21112 o.s 12.2 b4.9 
913 2 lOll 1.0 34.4 44.l 969 2l't23 t. J 30.t, 65.0 1025 21121 1.a H.4 57.3 1081 2tll2 1.0 32 .2 53.4 
9t4 21J21 1.5 34.4 35.8 970 21421 1.s la.~ 51.2 la26 2 ll21 1.5 H.4 49. l 1082 Zl 112 l. 5 32.2 H.9 
915 2102 l 2.0 34.4 28.0 971 21423 2. '.) 30.lt 52 .o 1027 21121 2.a H.lt "~· l lOU 21112 2.a 12.2 38.3 
916 2102t 2.5 34.'t 21. 7 H2 21423 2.5 n.1o ·45.1t 1a28 21121 2.5 H.'t 37.7 1084 2lll2 2.5 12.2 31.6 
917 2 1()21 l.a 3" ... 17.a 913 2l'i23 3.0 JO.\ u.a 1029 21121 ).a H.4 33.) 1085 21112 3.0 32.2 26. 8 
9t8 21021 3.5 34.lt 13.2 914 21423 3.5 30.4 3;. 1 la3a 2 ll2t 3.5 33.4 2~.1 laSb 2t 112 3.5 12.2 23.3 
9t9 2 lJ21 4.a 34.lo la." 975 21423 4.J 30.'t 29. 6 1031 21121 4.0 .H.'t 2't.9 1087 2t 112 4. a )2 .2 19.3 
920 21021 "· 5 34.lt 9.7 971> 2 l't2 3 4. 5 3 O.lt 2;.1 lal2 2 ll21 ". 5 13 ·" 

21.1 1088 21112 4. 5 32.2 t7.7 
921 .2 l02l 5.0 34.lt 8.9 H7 21421 5. !) lJ.'t 21.1 1a11 21121 5.0 33.4 u. 7 1089 21112 5.0 )l.2 14.9 
922 21021 5.5 34.4 7. r. HB 21"21 5.5 30.lo ld. (, ta34 2 ll21 5.5 H .lo 16.l la9a 21112 5.5 )2.2 14.5 
923 2 1021 6.a 34.'t 6.l 919 2t't23 6.a ] o." 11.9 tOlS 2 ll21 6.0 33.4 13.3 la9 l 21112 6.0 12. 2 13. 3 
924 21a21 ta.o 34.4 3.3 98a 2t4H to.o 30.'t s.2 1036 2 ll21 ta.o 33 .4 5.3 1092 lt 112 ta.o 12.2 bob 
9;>5 214tl a.o 31.2 75.4 981 214t3 o. () 32.l H.9 l!H7 21122 o.a 12.11 lit. 2 1093 21323 a.a 39.I> 1>8. b 
9lb 2"'11 o. ':i lt.2 13. 9 982 2t'tl3 J.5 12.1 72. l la38 21122 a.5 32.8 67.3 taH 2ll23 a.5 39.6 57. 5 
9J.7 2"'11 1.0 lt.2 61. T 9 83 21"11 t.o 12. t 6).2 1019 21122 l.O 32 .11 60.'t la95 21323 l.a )9.6 48.3 
928 2 t4 t l l. 5 31. 2 53.0 91ilt 21413 1.5 32.l 52.l 1040 21122 1.5 32.8 53.9 la96 21121 1. 5 )9.6 •a.8 
92'1 214 l l 2.0 31.2 44.7 985 2liot3 2.a 32. t 45.2 l 0"1 21122 2.a 12 .8 'o 1. 1 laH 21323 2.0 19.6 35.2 
9 30 211, 11 2.5 31.2 38.a 986 2t413 2.5 3 2. t 3:;. 2 t042 21122 2.5 12.8 lt2. 't ta98 21323 2.s 39.1> 29.7 
931 2 141 t 3.0 11.2 31.3 987 21413 3. :> 32. l 32.5 1043 2 lt22 3.a 32 .8 36.4 1099 21323 3. a l9.6 22.1 
932 21411 3.5 lt.2 27.4 988 21413 3.5 12.l 2t1. 5 1044 21122 3.5 3l .t! 31.lt ll:I() 21321 3.5 39.6 20.2 
933 2 t411 4.a 31.2 23.5 989 21413 4. 0 12. l 2\ .5 talt5 2 llZl ". 0 32.8 21. 2 llal 21323 4. 0 39.6 11. 0 
'l.H 2 ll, 11 't.5 31.2 19.9 990 Zl413 4 .. :i 32. t 21. 4 1046 2 1122 4.~ 32.8 23.'t llaZ 2t323 4. 5 39.b 15.4 
935 2 14 l I 5.0 3t.2 18.3 F;l 21"13 5.) 32. t H.t! 1047 21 IU 5.0 32.6 20.3 1103 2t 32) 5.0 39.6 12. 2 
916 21411 5.5 3t.2 16.a 'l92 21Hl 5.5 J.l. l 11.11 l01t8 2 I l2l 5.5 12.e 11. l llO't 2l3l3 5.5 39.6 I l." 
9H 2 t4t I 1>.a 31.2 12.lt 993 2 l'tl3 b.O 32.l 15.0 la49 21122 i,.o 32.6 15.7 lla5 21323 6.a 39.b 9.a 
9)6 21411 10.() 11.z 6.5 994 21411 l•J.J 12.t 7.t t05J 21122 10.0 32 .ii 

"· 3 
lla6 21323 tO.O 39 .b "· 3 9 39 21422 a.a 31.2 75. 4 995 21412 a.J 29 •• 1f .o 105 l 211 IJ a.o H .o 13.b 1101 21322 o. 0 3 6. 4 70. 9 

940 211,n o.5 3t.2 12.1 996 21412 0.5 29.'e n.1 ta52 2t113 0.5 33.0 b~ ... 11:18 2ll22 a.s 16.4 t.2.5 
941 2147? 1.0 31.2 64.4 ~97 21412 l. (l 29.4 58.) t053 2lt13 l. 0 33.0 61.6 Ua9 21322 1.0 36.4 54.9 
942 21422 1.5 31.2 56.5 998 Zl'tl2 l. 5 29.4 'eil. 5 t054 2 1113 1.5 B .a 5b. 4 tua 21322 1. 5 lb.4 4b.9 
943 21422 z.o 31. 2 5a.f> 999 21412 2.) 29. 4 B. l 1055 l l 113 2.0 3J .o 53.4 l ll I 21322 2 • .:> lt.. 4 40.5 
94i. 21422 2.5 31.2 't4. 1 1)00 2l4t2 2.5 z 9.• 32.9 1051> 211U 2.5 }) .o 45.b l 112 21322 2.5 16.4 H.9 
945 21422 3.0 31.2 3 a. 8 lOat 2t412 3.0 29. 4 Z5. l 1057 211 u 3.0 33 .o 41.2 l ll3 21322 3.0 lb.4 1a.9 
'Ht, 7 1422 l.5 31.Z 34.l 1)02 214t2 3.5 29.4 21 • 2 lO)d 21113 3.5 33 .o 31.2 1114 21322 ).5 31>.4 26.5 
9't7 21422 4.0 31. 2 29. a 10a3 2l4t2 't.O 29.4 i~.o 1059 2 ll ll 4.0 H.O 32. 0 1115 21322 "· 0 36.4 22.9 
'148 'lt4l2 4.'.> 31.2 26.2 1004 21412 4.5 2 9." 14. 5 lObO 2llB 4.5 33 .J 2~.ll l llb 21322 4. 5 )l>.4 18.9 
</49 21422 5.0 31.2 21. l too; 2t412 5. :J 29.4 13 .4 101; l 21113 s.o 33.0 25.1> t 111 21322 5.0 lb.4 t 7.) 
950 21422 5.5 31. 2 21. l 1006 21412 5.5 2 9 ... 11. 4 106 2 2 ll l3 5.5 H.v 2l .b 1116 2tl22 5. 5 )6.4 14.9 
'Vi I 2t422 b.O 31.2 16.4 1007 21412 

"· l 
2 9. 4 1.8 1063 2 ll lJ c.O 33.0 n.o 1119 21322 6.0 36.4 12.l 0 

'152 21422 la. o 31.2 7.7 1J08 21"12 10.J 2 'l.~ 2.8 tOo't 2 l l u to.a H.O s.e 1120 21322 10.0 :lb.4 4. I co 



ass TP EAT TIME DRHT HCMll ass TR EAT TIHE DR>IT H: Ma OdS TR EAT TIME D~MT "C•B OBS TRb\T T 111 E )RHT .. c .. e 

1121 21321 0.1) .j5.3 72.4 1177 Zlll3 '). () '3 5. l 1! .4 1233 21u; o.o H.O 13.4 1289 2232l o.o 3t,. 0 72.6 
1122 2132 l 0.5 35.3 6'o. 1 1178 21213 0.5 15. l 6?.5 1234 2 ll23 0.5 h.J c.5. 2 u~a 22323 0.5 H.O 63.3 
1123 21J2l l.O 35.3 56.5 ll 19 21211 1. J 35. l 52. 1 1215 21223 l. 0 34 .o 51.0 12H 22123 1. 0 34.0 51.6 
llZ4 2 l321 1.5 35. 3 51.2 1160 21213 1.5 35. l 4'>.4 1236 Z 12H 1.5 .H .::> 50.9 12n l2323 1. 5 H.O 't4.4 
1125 21321 2.0 35.3 43.9 1181 21213 2.J 3 5. l 31. 3 1217 21223 2.0 H.O H.5 12H 22323 2.0 3t,.O 39.5 
ll 26 21321 2.5 35.3 39,8 ll 82 21213 2.5 3 5.1 31.0 1238 21223 2.5 3't .o 31. 0 1294 2232) 2.5 H.O 34.3 
1127 21321 3.0 35.3 H.3 1183 21213 3.0 35. l 21. l 1219 21223 3.0 H.O 31.3 12115 22323 ).0 3'o.O 28.2 
ll2b 2 llZ l 3.5 35.3 28.9 1184 21213 3. 5 35. l 23 .1 1240 21221 3.5 3" .o 29.l 1296 2l3Z3 ).5 )4.0 24.2 
ll 2<l 21321 4. () 35.3 24.9 1185 21213 4.0 35.l u.2 12H 21223 4.0 H. 0 25. 0 1291 Zl323 4.0 H.O 20.2 
ll 30 21321 't .5 35.3 21.1 1186 21211 4.5 15. l l '>. 1 12't 2 21223 4.5 H.O 21.6 1298 22323 4.5 34.0 lt.5 
1131 21321 5.l 3S.3 111.4 1187 21213 5.0 35. l l't.9 1243 21223 5.0 H.O 18.3 1299 22323 5.0 34.0 15.3 
1132 2 1321 5.5 35.3 17. 0 1188 21213 5.5 J 5.1 ll .3 1244 21223 5.5 H.O 16.0 1300 22123 5. 5 3-1>. 0 12.l 
1133 2 1321 6.0 35.3 11.5 1189 212ll 6.0 3 5.1 lJ.9 1245 21223 6.0 H.O 14.5 13ll 22123 6.0 34.0 11.1 
ll 34 21321 10.0 35,3 4.4 1190 21213 10.0 1 s.1 •• 3 1246 21223 10.0 H.O 5.9 13:>2 22323 10.0 H.O 4.0 
1135 213 l l o.o 36. 0 11.2 1191 it222 o.o 35.0 n .a 1241 2 1221 o.o 3LB 12.8 1303 22312 o. 0 33. 8 13.0 
1130 21311 0.5 36.0 64.0 1192 21222 015 35.0 6l.5 1<!48 21221 0.5 H.8 64.l 13:>4 22312 0.5 )).8 1>5.0 
1137 2131 l l.O 36.0 58.8 1193 21222 1.0 35.0 53. 7 1249 21221 1.0 H.8 54. 5 ll05 22312 1.0 H.8 53.0 
ina 2131 l 1.5 36.0 52.4 119-1. 21222 1.5 35.0 4i.9 1250 21221 1.5 34.8 46.5 1)06 22312 1.5 33.8 \7.8 
1139 21111 2.0 36.0 .. 1.z 1195 21222 2. 0 35.0 3ij .5 1251 21221 2.0 3<t.8 38.4 1301 22312 2.0 33.8 41.0 
1140 21311 2.5 36.0 43.2 1196 21222 2.s 35.0 33.9 1252 21221 2.5 14.8 29.J 1308 22312 2.5 33.8 37.0 
ll-1.l 21311 3.0 36.0 38.4 1197 21222 3. 0 35.0 21.2 1253 21221 3.0 34 .a 25.9 1339 22312 3.0 13. 8 32.6 
1142 2131 l l.5 36.0 14.8 ll 98 21222 3.5 35.0 ZJ.3 1254 2 1221 3.5 3't. 8 22.0 1310 22312 3.5 n.e 28.2 
1143 21311 4.0 36. 0 30.11 1199 21222 4.0 35.o 21.6 1255 21221 4.0 34.6 18. 2 1311 22312 4.0 33. 6 25.0 
1144 21311 4.5 36.0 21.2 1200 21222 4.5 35.0 U.7 1256 z 1221 4.5 H.8 14.4 1312 22312 't. 5 H.8 21.0 
1145 21311 5.0 36. 0 2't.O 1201 21Z22 5.J 35.0 H.8 1257 21221 5.0 3't. 6 13.2 131) 22312 5.0 H.8 11.6 
1146 21 Jll 5.5 36. 0 21.2 1202 21Z22 5.5 35.0 1) .b 1258 21221 5.5 H.8 10.5 1314 22312 5. 5 13. 6 16.6 
1147 2131 l i..o 36.0 19. 2 1203 21222 6.0 35.0 11. 7 1259 21221 6.0 H.6 1.9 1315 223l2 6.0 33.8 13.0 
11411 21311 10.0 36.0 1.2 1204 21222 10.0 35.J 5.6 121>0 2122l 10.0 34.8 2.9 1316 22312 10. 0 33.8 5.0 
1149 z 1313 o.o 36. 0 11.2 1205 21211 o.o 34. 7 n. 9 1261 22121 o.o 36.2 11.1 1311 22311 o.o 33.4 73.9 
1150 21113 o.5 36.0 1>2.8 1206 21211 0.5 34. 7 65.2 1262 22321 0.5 36.2 51.-1> 13111 22311 0.5 33.-1> b-1..9 
1151 21313 1.0 3c>.O 54.8 1207 21211 l.O H.7 57.1 1263 22321 l.O 36.2 41.6 1319 22311 l. 0 33.4 B.2 
1152 21313 1.5 36.0 48.lt 1208 21211 1.5 34. 1 5:>. 0 1264 22321 1.5 36.2 33. l 1320 22311 l. 5 B.4 -1.5.8 
1153 21313 2. :i 36.0 42.0 1209 21211 2.0 34.1 45. 5 1265 2 232l 2.0 36.2 28.l 1321 22311 2.0 H.lo t,0.3 
1154 21313 2.5 36. 0 38.0 1210 21211 2.5 .34.1 13.6 1266 22321 2.5 36.l 21.6 lll2 22311 2. 5 31. <lo 31.6 
1155 21313 3.0 36.0 32.4 1211 21211 3.0 34.1 34.8 1267 22321 1.0 ll.2 11. 1 1323 22311 3.0 13.'t 29.6 
l15l 21313 3.5 36.0 28.J 1Zl2 21211 3.5 34.l lJ.2 l2b8 22321 3.5 3b.2 u. 6 112-1> 22311 3.5 H.lt l6.] 
1157 21313 "· 0 36.0 24.4 1213 21211 4.0 34. 7 2~ .4 121.11 2 2321 4.0 lb .2 11.s 1325 22311 <lo. Q 31. <lo 22. 3 
1158 21313 4.5 36.0 19.6 12 l't 21211 4.5 34. 7 23.4 l21J 22321 4.5 36.2 l.l.O 1326 22311 4.5 33," 19.2 
1159 21313 5. () 36.0 19.l l2l5 212ll 5. :i 34.7 H.5 1271 22321 5.0 lb.2 8.8 1321 22311 5.0 H.<t 16.5 
1160 2 lJ13 5.5 36.0 15. 6 1216 21211 5.5 34. 7 l~.5 127 2 22321 5.5 36 .2 6.9 1328 22.Hl 5.5 13.4 14.l 
1161 21313 b.O 36.a 15.2 1217 21211 6. () 34. 7 15.4 l27l 2 2321 6.0 30.2 b.l 1129 22311 6.0 )] .4 12.2 
1162 21313 lo. 0 36.0 5.2 1218 ll2 ll l 0. () H.7 4.3 1214 2 2321 10.0 36.2 2.3 1330 22311 lo. 0 33. 4 2.-1. 
111>3 21312 o.o 35.8 11.-1. 1219 21212 o.o 34.-1. n.1 1215 22322 o.o H.l 72.7 1311 22313 o.o 3 't. l 72.7 
llb't 21312 o.5 35.8 60.2 1220 21212 0.5 34.lo b:I." 1276 22'22 0.5 34.l 64.3 1332 22313 0.5 1 .... 1 65.5 
1165 21312 l.o 35.8 50.2 12 21 21212 l.O 34.'t 61.0 1217 22322 1.0 H.l 53.5 1333 22313 1. 0 34. l 53.5 
1161> 21312 1.5 35.8 42.b 1222 21212 1.5 34.4 5~. 7 ll7tl 223U 1.5 31, .1 47.5 llH 22313 1.5 H.l 'til. 3 
116 7 21312 2.0 35.8 35.8 lZ23 21212 2.0 3 4." 5:>.5 1279 22322 2.0 34 .1 t,O, 3 1135 llHl 2.0 H.l 43.5 
1168 21312 2.5 35. 8 30.6 1224 21212 2.5 34.'t 4;.4 12~0 22322 2.5 34.l 36.3 1336 22313 2.5 34.l 18.3 
111>9 21312 3.0 35.8 21~4 1225 21212 3.0 34 • .r, 41.5 l2R l 22322 3.0 34.l 29.9 1337 22313 3.0 34. l 33.9 
1170 < 1312 3.5 35.8 19.4 1226 21212 3.5 H.'t H .6 12~ 2 2232'. 3.5 34 .1 25. l 1338 U313 3.5 H.l 29.5 
1111 21312 4.0 35.8 l 5.4 12 27 21212 

"· 0 
34.4 33.7 12B 22322 4.0 l't. l 21.l 13311 22313 't. 0 34. l 26.3 

1112 21312 4.5 35.6 14.6 1228 21212 4.5 3 4.4 2~. e 1284 223U ". 5 3't. l 11.5 1340 22 313 4.~ H. l l2. 3 
1173 21312 5.0 35.8 12. 2 1229 21212 5.0 34.4 2s.9 1285 22322 5.0 14. l u .. ,J ll'tl 22313 5. 0 34. l 19. l 
1174 21312 5.5 35. I:! 11.'t 12 30 21212 5.5 34.4 23.9 l28b 22322 5.5 3 ... 1 12.3 1342 22313 5.5 H.1 17.9 

_. 
ll 75 21312 6.0 35.8 11.J 12 31 21212 6.0 1 ... ~ n.o 128 7 22322 6.0 34 .1 "· 9 13"3 22313 6.0 H.l 11.9 0 

l.O 
1111. 21312 10.0 35.8 3.4 12 32 21212 10.0 34.4 <.a 1288 22122 10.0 34 .1 2.3 1344 22313 10. 0 34. l 5.9 



Ot1S TRF AT Tl HE ORHT HC.1111 OBS TREAT Tl14E ORHT H:we OBS TREAT TIH~ D~ 141 'l(Wtl OBS TREA1 TIME DRHT HC.11! 

1345 2 2212 o.o 31.8 b9.6 1401 22211 o.o 35. 7 11. 4 l't57 22013 o.o 31.l 15.1 1511 lZl l3 o.o 30.0 1b.O 
l34b 22212 (). 5 37.8 5 7." 1'902 22211 0.5 35. 7 bl.4 H58 22013 o.s H .1 c.1>.8 15H 22113 0.5 )J,0 blo.O 
11 .. 1 22212 1.0 37.8 't8. 2 H03 22211 1.0 15. 1 51 .'t 1459 22013 1.0 11.l 58.2 1515 22 l l l 1. 0 30.0 55.6 
lH8 22212 1.5 37.8 39.'9 1404 22211 1. 5 35. 7 41 • 8 1460 22013 1.5 H .1 5;).8 15lb l.2113 1.5 30.0 u.2 
1349 22212 2.0 31.8 11.11 H05 22211 2.0 35. 1 31. 0 141> l 22013 2.0 ll .1 45.2 1511 22 ll3 2.0 30.0 Jll. 6 
135() 22212 2.5 37. 8 25. 8 H06 222ll 2.5 3'5. 1 ll. 4 lit bl 22011 2.5 31. l 39.6 15l8 22113 2. 5 30.0 32.8 
1351 227.12 1.0 17.8 20.6 14 07 22211 l.J 3 5. 7 2~ .2 l4o3 22013 3.0 31.l 35.2 1519 2lll1 3.0 33.0 21.b 
1352 2 2212 3.5 37.8 17.4 HOB 22211 3.5 35. 7 22.6 146'- 2201> 3.5 31.l 30. l 1520 22113 3.5 30.0 l2.8 
1353 ~ Z212 4.0 37. 8 l't. 6 1409 22211 4. 0 35, 7 11. a l4b5 22013 4.0 H .1 H.8 1521 22113 't.O 30.0 19.2 
135 ~ 22212 ". 5 37.8 12.2 1410 U21l 4.5 35. 7 u .o l't6b 220U 4.5 31. l 21.0 1522 22 ll 3 

"· 5 
10.0 15.6 

1355 22212 5.0 37.6 11." lHl 22211 5.0 3 5.1 H.2 1467 22013 5.0 31. l 18.0 l5ll 22113 5.0 30.0 l ),2 
1356 2 2212 5.5 31. 8 9.0 Hl2 22211 5.5 H.1 11 .o 1468 22013 5.5 ll .1 15.5 1524 22113 5.5 lO.O 11.0 
1357 22212 i..o H.8 1.8 1"13 22211 b.O 3 5. 7 ~-8 l't69 22on 6.0 11.1 u. 6 1525 22113 6.0 30.0 10.0 
1358 2 2212 l o.o 31. 8 1.0 HH 22211 lo. 0 35.1 ) .11 lHO 22013 10.0 31.l +.1 1526 22ll3 10. 0 30.0 3.6 
l359 22222 o.o 37.8 70.9 1"15 22221 o.o H. 8 H.2 1"71 22021 o.o ll. 7 7b.2 l5Z7 22.122 o.o 29.2 11.0 
1360 22]22 0.5 37.8 61.l 1416 22221 0.5 34.8 63.2 102 22021 0.5 30.7 1>9.6 1528 22122 o.s 29.2 1>9.1 
1361 22222 l .O 31. B 5+.o l't l 7 22221 1.0 H.8 5~ .5 l41J 22021 l.O lO. 7 63.lt 1529 22122 1. 0 29.2 01.1 
1362 22222 1.5 37.8 +7.8 lH8 22221 1.5 34. 8 4~.8 lltH 22021 1.5 3().1 56.8 1530 22122 1.5 29.2 56.l 
Ub3 22222 2.0 37.8 40.Z H19 22221 2.0 34.8 'tl. 2 1475 22021 2.0 30.7 51.8 l5H 22122 z.o Z9.2 lt9.4 
llblt 22222 2.5 31. 8 36.3 1420 22221 2.5 H.8 37.l 1"76 22021 2.s 30.7 +b.O 1532 22122 2.5 29.2 45.l 
1365 22222 3.0 37.8 31. 7 lit 21 22221 3.0 34.8 32 .2 1471 22021 3.0 30.7 41.3 1533 22122 1.0 29.2 l9.b 
l3bb 22222 3.5 37.8 27.5 H22 22221 3.5 H.8 21 .8 1"78 22021 3.5 lO.J 11.1 153'> 22122 3.5 29.2 H.1 
136 7 22222 ".o 37.8 21.11 1423 22221 4.0 H.6 Z3 .1 1419 22021 ".o 30.7 12.0 1535 22ll2 4.0 29.2 29.8 
1368 2222Z 4.5 31.8 20.5 142'> 2222 l lt.5 34.6 2J .5 1480 22021 "· 5 10.1 28.l 1536 22122 

"· 5 
29.2 Z5.8 

ll6'l 22222 5.0 37. 8 11.1 H25 Z22ll 5.0 llt.8 H.8 1481 22021 5.0 30.J 2'o.7 1537 22122 5.0 29.2 22.1 
1310 22222 5.5 31. 8 14.4 1"26 22221 5.5 34. e u.a 1"82 22021 5.5 33.7 21.6 1538 22122 5.5 29.2 19.9 
1)71 22222 6.0 37.8 12. l l'o27 22221 b.O 34.8 11.4 148) 22021 o.O 10.1 18. l 1539 22122 6.0 29.2 18.0 
137 2 22222 10.0 H.8 5.2 1428 2Z22l 10.0 H.8 <.8 l'tll4 22021 10.0 30.7 5.1 1540 22122 10.0 29.2 '). 1 
1373 22213 o.o 37.] 70.9 11o2q 22023 o.o 33.9 72 .9 1485 22012 o.o 31.9 Jt.. 1 15H 22121 o.o 28.5 11.2 
1314 22213 o.s 31.3 bl.8 1\30 22023 0.5 H.9 6~.~ 1481> 22012 0.5 31.9 bl.O 1542 2Zl2l 0.5 28. 5 69.2 
1315 22213 1.0 31. 3 58.4 14 31 22023 l. 0 33. 9 52 .1 14117 22012 1.0 31.9 57.5 1543 22121 1.0 28.5 b2.,. 
1176 22213 1.5 37.3 52.l 1H2 22023 1.5 33.9 43.7 1488 22012 l.5 31.'i 50.2 l51t4 22121 t.5 za.s 56.8 
1311 22213 2.0 31. 3 48.2 Hll 22023 2 .a 33.9 H.7 l'tci9 22012 2.0 31.9 '94.7 154S 22121 2.0 211. 5 50. 4 
1378 22213 2.5 37.3 43.5 1434 22023 2.5 33. 9 31 • 1 1490 22012 2.5 ll .9 'tO. 4 1541> 22121 2.5 28.5 "'*· 8 1379 22213 1.0 37.) 38.0 llt35 22023 3. !) H.9 2~.5 l't9 l Z2012 3.0 31.9 lb. l 15H 22121 3.0 za.5 40.8 
1380 22213 3.5 37. 3 H. l H36 22023 3.5 33,9 21.3 1492 22012 3.5 31 ,\I H.8 1548 22121 3.5 28.5 35. b 
13111 22211 4.0 37.3 29.5 1437 22023 4.J 33. 9 lb. 9 l4q3 22012 ". 0 31.9 23.3 1549 22121 4.0 28.5 31.6 
1382 22213 "· 5 37.3 2b.1 Hl8 22023 4.5 33.9 H .5 1494 22012 4.5 ll .9 21. 1 1')50 22121 4. 5 28.5 211.4 
1383 2 2213 5,0 37.3 24.8 lH9 22023 5.0 H.9 11. 1 1495 22012 5.0 31 ,9 l9.0 1551 22121 5.0 .le. s 2~.8 
ll>llt 22213 5.5 37.3 20.~ lHO 2ZOZ3 5.5 H.9 9.1 l't9(> 22012 5.5 31.9 1.0. e 1552 22121 5.5 28.5 20.8 
1385 22213 b.O 37. 3 11. 3 "'"1 22021 b.O 33.9 1.1 1491 220lL 6.0 31,9 14.7 1553 22121 6.0 28.5 18.4 
1386 22211 10.0 31. 3 7.2 1"42 22023 lo. 0 33.'i 2.9 14'18 22012 10.0 31 .9 5.2 1554 2212 l 10.0 28.5 5.6 
1387 22223 o.o 36.5 11.0 14 43 22011 o.o 31. l 75. 1 14'19 22022 o.o 30.9 75.3 H55 22112 o.o 30.0 76.6 
1388 22223 0.5 36.5 64.3 1444 22011 0.5 31. l 6l.2 1500 22022 0.5 30.9 63.3 1556 22112 o. 5 30. 0 b8.8 
13119 22223 l.O lb.5 57.5 1445 2201 l l. 0 31. l 52. 3 15'.ll 22022 1.0 3(),9 52.l 1557 22112 1.0 10.0 61.3 
1390 22223 1.5 lo.5 52.4 H't6 22011 1.5 31.l '*~. 5 l5J2 2 2022 1.5 30.9 43.3 1558 22112 1.5 10.0 51>.) 
1391 222Zl 2.0 36. 5 45. b 1447 2201 l 2.0 31. l 3d .2 1533 22022 2.0 3J ·' lb .'I 1559 22112. 2.0 30.0 50.0 
13'12 12223 2.5 36.5 41. 7 l'o46 22011 2.5 ll.t 32. 7 15Jlo 22022 2.5 30 ... 3:>.5 l5b0 22112 2.5 10.0 't5. 3 
1H3 27223 1.0 3b.5 31.1 lH9 22011 3. J 3l. l 21.3 15il5 2 202..: 3.0 30.9 24.9 1561 22112 3.0 )Q.O 39.S 
1394 222ll 3.5 36.5 33.3 1450 22011 3.5 11.1 u .b 15u6 22JU 3.5 3J.9 20.s 1562 22112 3.5 30.0 35.2 
l3'l5 22223 4.0 36.5 29.J l'o 51 22011 4.J 31.1 11.9 15J7 22022 4.0 ]:l .9 11.} l Sb 3 22ll2 4.0 30.0 30.5 
ll'li> 22223 4.5 lb.5 25.8 1"52 2l0ll 4.5 31. l Ii .z 1508 22022 4.5 30.9 14.5 1564 221 l l. -.. 5 30.0 l1.0 
IB7 22223 5.0 31>.5 21.e 14 53 22011 5. 0 31. l u.2 l 50'l 22022 5.0 30.9 11. 3 l 5b5 22112 5.0 10.0 23. 8 
1398 22223 5.5 36.5 18.3 "'54 22011 5.5 11.1 IJ.5 1510 22a22 5.5 3J.9 10.5 l5bb 22112 5.5 30.0 21.l ...... 
l3'l9 22223 b.O lb. 5 lb. 7 1455 22Jl l b.O 11.1 'J.} 1511 22022 b.O 30.9 9.3 1561 22 ll2 6. 0 30.0 18. 0 

__. 
1400 £2223 10.0 3o.5 6.0 1456 22011 lo. 0 31. l J.o 1512 l202Z 10.0 jJ.'I ... l lSb8 22112 10.0 lJ.O b,} 0 



06 ~ TPE AT TIHE ORHT HCWB ()6S TREAT TIME ORHT HCW6 utlS T RE Al T 1'4f DRHT HC"B USS TREAT TI HE JRl'IT 'ICwB 

be~ 22lll :>. 0 29.4 76.7 lb 25 l2"12 !l.l 30.5 H .6 168 l 2 3322 o.o 30.7 lb. 0 L131 2lll 2 o.o 29.5 11;,. 2 
15 70 22111 o. 5 29.4 b!l.l 1626 22412 0.5 3 o.; 6).J 1682 23122 0.5 30.7 64.3 1738 23312 o.5 29.5 67.3 
1571 22111 l. () 29.4 59. I 1627 22412 1. 0 3 o. 5 61 • 2 lb8J 23322 1.0 30.7 Sio.5 1739 23312 1.0 29. 5 58.3 
1572 ZZll l 1.5 29.4 48.5 11>28 Z2H2 1.5 30.S 56 .o lb84 2 3322 1. 5 30.7 45.5 17"0 2Hl2 t.5 29.S 52.0 
1513 22111 z.o 29.lo 44.,, 1629 22412 2.0 30.5 . 41.b lb8 5 23322 2.0 3:l.7 40. I 1741 21312 2. 0 29. s 45. 7 
1574 22111 2.5 29.4 40. l 16 30 22412 2.5 30. 5 4't. l ltllb 21322 Z.5 )J.7 13.0 l 1't2 23312 2.5 29.5 40." 
157 5 22111 1.0 29. 4 35." l~H 22412 3. () 30.5 40.0 lbB7 ZHU 3.0 30.7 25.b ll't1 ·23312 3.0 29.5 H.5 
1576 22111 1.5 29.lo 28. 0 lb 32 2Z412 3.5 30. 5 1~.8 1688 2 33Z2 3.5 3J. 7 21.3 1144 23312 ). 5 29.5 30. l 
1577 2 2111 lo.O 29.t, 21>.0 16 33 22412 4. 0 30. 5 3'.l.O lt.89 23ll2 4. 0 3!).7 l7 ·" 17't5 23312 4.0 29.5 22.4 
1578 22111 "· s 29.lo 21.1 lb 3io 22412 4. 5 30.5 lb.8 lb90 2 3322 

"· 5 30.7 13. 5 IHI> 21312 4. 5 29.5 22.0 
1'>79 C'llll 5.0 29.4 17.0 11>35 22't 12 5.0 30.5 ZJ. 2 11>91 23322 5.0 30.7 12.3 l 7" 1 23312 s.o 29.5 18.0 
151l:) 22111 5.5 29.lo 15.8 16 36 22412 5.5 j 0.5 20.0 1692 23322 5. 5 31.l. 7 9.1> 11"8 21312 5.5 29.5 16.6 
1531 22111 6.0 29.4 14. 5 16 37 22412 6.0 30. 5 l>. 8 1693 2H2l 6.0 30.7 9.2 l 7ft9 23ll2 6.0 29. s u. 5 
15H2 22111 lD.O 29.4 "· 1 lb 38 22"12 l (). ;) 3 o. 5 ~." 169io 23322 10.0 30. 7 ". l 1750 23112 10.0 29. 5 "· 5 151!3 22123 o.o H.3 76. ~ lb 39 22io22 o.o 30.7 1b.O lb95 2 Hll o.o 30.7 1!>." 1751 23313 o.o 11.5 ,,, • 6 
l5i14 22123 0.5 29.3 60.9 lb40 22422 0.5 30. 7 &Lio lb'l6 23311 0.5 J0.7 66.6 1752 23313 o.5 ll. 5 62.7 
158 5 22123 1.0 29.3 51.6 lb 41 22ft22 1.0 30. 7 63.5 1697 2 3311 l .o 30.7 511.6 1753 21313 1.0 31.5 51.9 
15Bb 22123 1.5 29.3 40. 9 l) 42 22lo22 1.5 30. l 51.1 1698 23311 1.5 30.7 5z'.z l 75io 2Hl3 J.. 5 U.5 ,,5.6 
153 7 22123 2.0 29.J 35.Z lb'tl Z2't22 2.0 30.7 53 .ll 1699 2Hll z.o 30.7 lo5." 1755 ZHU 2.0 )l. 5 ]8.l 
1588 22123 2.5 29.3 27.8 l6lolo 22422 2.5 30. 7 41.9 l7JO 2 Hll 2.5 30.7 40.2 1756 2Hl3 2.5 JI .5 32.2 
1589 22123 3.0 29.3 23.3 1645 22422 3.:l 30. 7 41 .2 170 l 23311 3.0 30.7 31.8 1757 2Hl3 J.O H. 5 2b.4 
1590 22123 3.5 29.3 19.2 lb4b 22io22 3.5 30. 1 31:l. 1 17:>2 233ll 3.5 30.7 29.4 1758 21313 3.5 31.5 21.8 
1591 22123 "· 0 29.3 15.5 H•H 2Zio22 4.0 30.7 3\. 2 17:>3 2 Jlll 4. 0 30.7 25.0 1759 2Hl3 4. 0 H.5 18." 
159 2 22123 4.5 29.3 12. 2 1648 22't2Z lo.5 3 0. 7 3J.3 11:14 2 Jlll 4.5 10.7 21.1, 1760 23313 4. 5 31. 5 16.3 
159 3 22123 5.0 29.3 11.4 11>49 22422 5. 0 3 o. 7 2~.4 1705 2Hll 5.0 30. 7 l7 .a 171> l 23313 5.0 H.5 ll.4 
15'l4 22123 5.5 29.3 9.J l~ 50 22422 5.5 30.7 2't. l l Db 2Hll 5.5 3'.l. 1 15.8 171>2 23313 5.5 H .5 12.2 
1595 n121 b.O 29. 3 7.3 16 51 22422 11.0 30. 7 H.ft 1707 2Hll b.O 30.7 U.4 l7bl 2Hll 6.0 :u. 5 lo. 9 
15-!6 22123 10.0 29.3 3.2 lb 52 22io22 10.J 30. 7 7.7 1708 2 3311 10.0 1a.1 5." 1761, 23313 10.0 JI .5 5.0 
l5<J7 22'o23 o.o 29.9 75.9 lb 53 22ioll o.o 31.5 74. 6 l7J9 2 3321 o.o 31. I 75.3 1765 2Hl3 o.o 26.2 ra.3 
1598 2 2423 0.5 29.9 63. 8 1654 22411 0.5 31. 5 66.lt 1110 2 3321 o.s 3l. l bd.2 1761> 2Hl3 o. !:i 26.2 1>8.8 
1599 22io23 1.0 29.9 55. 7 1655 22Hl 1.0 31. 5 5a. 8 1711 23321 1.0 31. l b2.2 1767 23413 1.0 2b.2 59.8 
lbOO 22423 1.5 29.9 t,6.0 1;~6 22411 1.5 31.5 53.6 l 7l2 2 3321 1.5 31.l 55.5 1168 21"1 l 1.5 2&.2 52.'o 
160 I 22423 2.0 29.9 40.0 lb 57 22411 2.0 11. 5 4!>." 1713 23321 2.0 31 • l 50.3 l1b9 23413 2.0 21>.2 45.5 
1602 22423 2.5 29.9 3". 4 lb 56 2241 l 2.5 3l.5 0.2 1714 2 3321 2.5 H. l 44. 8 1770 21413 2.5 Zb.2 l9. 4 
1603 Zlloll 1.0 29.9 27. 5 16 59 22411 3.0 ll.5 H.io 17l 5 2 3321 3.0 H.l 38.8 1771 2Hl3 3.0 2b.2 35.0 
11>04 22423 3.5 29.9 23. 5 1660 224 ll 3.5 31.5 32." 1716 2H21 3.5 H. l 34." 1712 2Hl3 3.5 26.2 30.7 
1605 22423 4.0 29 .9 19. 4 lb6l Z24l l 4.J 31.5 29.2 1717 23321 4. 0 H .1 29.7 1773 2Hl3 4.0 26.2 lb.4 
1606 22'o23 'it. 5 29.9 15.,. lbb2 22411 

"· 5 
H.S 21. 2 1718 2 3321 4.5 31 .I 26.5 177" 2Hl 3 4. 5 26.2 2 2 .. 5 

1607 22423 5.0 29.9 13.lo lbll 22"11 5.0 3 1. 5 22. 4 1719 2 l3Zl 5.0 31. l 22.s 1775 23413 5.0 26.2 21. 2 
1608 221t23 5.5 29.'I lt.lo lHlt 22411 5.5 31.5 l~.,. 172'1 23321 5.5 H.1 19.0 1776 23413 5.5 26.2 I 7 .8 
1609 22423 &.O 29.9 9.0 1665 22411 6. () H.5 11.b l7Zl 2 3321 6.0 31. l 11.4 1717 23413 6.0 211.2 lo.lo 
16 10 22423 10.0 29.9 3.1 1666 22411 10.) ll. 5 ;j. 8 1722 l. ll21 lJ.o H.l 5.9 1778 2Hl3 10.0 26.2 8.2 
lb 11 22421 a.o 29.2 71. 0 lbb1 22413 O.J 3 o. 7 1 i • 4 1123 2 33ll o.o 29.0 lb. II 1719 23412 o.o 25.5 79.t 
1612 22421 0.5 29.2 68.7 1668 22loll o. 5 3 o. 1 u.a 1724 23323 0.5 2'l .o 68.8 1780 23412 0.5 25.5 70.l 
1613 22421 1.0 29.2 blo.6 1669 22iol3 l.J 30.7 55. 4 1725 2 3323 l. 0 29.0 &0.8 1781 21412 1. 0 25.5 td.9 
1614 2 24.21 l. 5 29.2 B.'J lb 70 2l.413 l. 5 3 o. 1 51 ·" 1726 l.3323 1.5 29.0 55.2 1782 2Hl2 1. 5 25.5 54.9 
lbl 5 22421 2.() 29.Z lo6.6 lb 7l 22413 2.J 3 o. 7 31. 4 17 27 23323 2.0 2• .o 43.6 1783 23412 2.0 25.5 49.t 
1616 2 242 l 2.5 29.2 1o2.J 1672 22H3 2.5 30.7 34.b 17 28 2 3323 2.5 29.0 t,j.2 1784 21412 2.5 25.5 43.9 
lb l 7 2 2'42 l 3.0 29.2 31>.9 lb 13 22'"13 3.0 3 o. 1 28 .6 1729 2 )323 3.0 29 .o 36.8 1185 lHl2 3.0 2 5. 5 11. 3 
16 la 22421 ].5 29.2 30.9 lb 74 22413 3., 30.7 23 ·" lHJ 2 3323 3.5 29.0 32.B l78b 21412 3.5 25.5 33.2 
16 l 9 2 2421 "· 0 29.2 26.9 lb 15 22413 "· 0 30. 1 u ... l 731 23323 4. 0 29.0 28. 0 1787 23412 4.0 25.5 29.5 
162') 2 24.21 4.5 29.2 22.9 lb 76 22413 

"· 5 
3 o. 1 l7. 8 1732 2 3323 4. 5 2' .o lio. () 1188 23412 4. 5 25.S 25.4 

lbll 22421 s.o 29.2 19.'4 lb 17 22413 5.J 30.7 b.4 1733 23323 5.0 2<;.0 20.11 l7d9 2341 z s.o 25.S H.2 
1622 224Zl 5.S 29.2 1 7. 8 1378 22413 5.5 30. 7 B.11 17 H l 3323 5.5 29.0 11.2 1190 23412 5.> 25.5 l~.& 

_, 
11>23 22421 6.0 29.2 l 4. 2 lo 79 22413 6.J 3 (). 1 ll .6 1735 2 3121 6.0 2'1 .o 15 .f,, I 791 21<.12 6.0 25.5 1s; o _, 
1624 22'o2 l l (). :> 29.2 "· 1 lb80 22413 10.0 30. 7 7.0 1736 2H23 10.0 2'1.0 4.8 1792 23412 10.0 25.5 Zlo.6 

_, 



OBS TREH Tl'IE OR'IT MCwd JBS TREAT Tl '1E Oil'IT M: 11111 OBS TREAT TI HE JrlHT MC,.8 085 TREAT TIME HMT 14(118 

l793 2Hll a.a 2b.3 1'1.'.) 16it9 23023 o. J 26.) 71.6 19JS 2 30 ll o.o 2 7 .9 7d.4 1961 23121 o. 0 29.8 11> .1 
lH't 2 3411 0.5 26.3 11.0 18 50 23023 o.; 26. 3 6~.l 19'.)6 2 3()11 o.5 21 .~ 13.1 1962 23121 0.5 29.8 b8.l 
l795 23411 l. :> 26.3 63.lt l~ S l 23()23 l.J 26.3 Sii. 7 1907 2 3011 1.0 27.9 61.9 1963 23121 1.0 29.8 b0.1 
1796 23'<11 1.5 2b.3 511. b 18 52 2302.l 1.5 lb. 3 5).5 19)8 2 3011 1.s 21.9 53. 8 1964 23111 1.5 29.8 53. 3 
ll'H 2 3411 2.0 26.3 51.8 1853 23023 2.J 26. 3 it3. 2 1909 2 3011 2.0 l.1 .9 't6. l l9b5 23121 2.0 29.8 't8.2 
1798 23411 l.5 lb. 3 "7 .a 18 54 23()23 2.5 2b.3 37.8 191() 23011 2.s 27.9 'o0.5 l96b 21121 2.5 29.8 4l.O 
lH9 2Hll 3.0 2b.3 "2. 6 1855 2302] 3.0 26. l 31.2 1911 23011 3.0 21.9 35.7 196 7 23121 3. 0 29.8 31.1 
1800 2341 I 3.5 2b.3 1a.2 1856 23023 3.5 lb. 3 ll. 3 1912 2 3\lll 3.5 21. 'I 31.0 191>8 23121 3.5 29.8 H.O 
IS:> 1 2Hll 

"· 0 
2b.3 H.2 18 57 23023 

"· o 
26. 3 23. 4 1911 23011 4.0 27.9 26." 1969 23121 ... 0 29.8 28.3 

1802 23411 "· 5 2b.3 30.2 185& 23023 it.5 lb. 3 l :I. 8 l'H'< 21011 ... 5 21 .9 18. 1 1'170 23121 ... 5 2'1.8 2't.O 
18J3 2lltll 5.a 2b. 3 21.0 1859 23023 5. J 2b.l l'>. 1 1915 ']()ll s.o 27.9 18.3 1911 2312l 5.0 29.8 20.5 
1804 2.Hll 5.5 26.3 2 3.8 BbO 23023 5.5 2b.l It .1 19 lb 23()11 5.5 ll .9 l'o. l 1912 2H21 5.5 29.8 18.l 
180 5 2 3411 l>.O 2b.l 22.2 16 bl 23023 6,0 26.3 11. 8 1917 2 3Jll 6.0 21.9 13 .1 1913 23121 6.() 29.8 15.0 
18 ,16 23411 l (). J lb. 3 9.) Ubl 23023 ta. l 26.3 s.2 1918 23011 10.0 21.9 5.lt l 'llit Zll21 10.0 29.8 ... 5 
18~ 1 21-421 o. 0 21." 11. 1 l8b3 23021 o.o 2 7.9 1~ ·'- 1919 230ll a.a 28.5 78.l 1975 23113 o.o 11." 15. 5 
18 )I! 21421 D.5 27.'o 69.6 186" 23021 0.5 21.9 71. 0 1920 2 3012 0.5 2~.5 b8.8 197b 23113 0.5 11 ... 68.8 
ltl )<j 23421 1. :> 27.4 62.7 l8b5 23021 1.0 27.9 63.6 1921 23012 l. 0 28.'> 60.0 1911 23113 1.0 H .4 

""· 9 1810 23421 1.5 27.4 55." 1866 23021 l.5 2 7.9 5~.7 1922 21012 1.5 28.5 52.7 1978 23113 1. 5 11 ... b0.2 
1811 23't2l 2.0 27.4 50.5 l8b7 23021 2. '.) 27.9 52. 0 19.ll ll012 z.o 28.5 it5.8 1919 23113 2.0 31.'t 55.9 
1812 2 3421 z.5 27.'o ..... 8 l8b8 23021 2.5 27.9 it5. 8 1921t 23012 2.5 28.5 )8.8 1980 2llll 2.5 31.it 51.b 
1813 23421 1.0 27.'o 39.9 l8b9 21021 3.0 21. 9 'el. 2 l'i12S 21012 3.0 2b.5 34.2 1981 23113 3.0 31,4 4 7. 0 
18 l't 2 3421 3.5 27. 4 35.il 18 70 2l0Zl ].') 21.9 37. 3 1926 2 3012 3.5 26.'.> 29.2 1982 23113 3.5 U .4 H.O 
1815 2 3421 "· o 27.'t 11.0 l<ill 23J21 ... o 27.9 3~.,. 192 7 2 30ll lt.O 28.5 23.8 1981 23113 4.0 31.lt 38.8 
1816 23421 ". 5 27." 21.1 18 72 23021 ... 5 27.9 n.1 1928 2 3012 ... s 28.5 19.6 198it 23113 "· 5 31.'t 35.2 
1817 23"21 5.0 21." 24. l 1813 23021 !>.:> 27.9 25. 7 1929 21012 s.o 28 • ., lb.9 1985 23113 s.o 31.'t 12.1 
IA 18 2 3"21 5.5 21.4 22." 18 7" 23021 s.s 21.9 21 .a 1930 2 3012 5.5 28.5 lit .2 1986 23 ll3 5. 5 31 ... 29.0 
Iii l CJ 21421 i..o 27.'o 16. 8 18 75 23021 6.0 21.'J 19.5 1931 2 3012 6.0 28.5 11.2 1987 2311 l 6,0 H.lt ZS.9 
ld20 2 3"21 10.0 27 ... b.b 1876 23J2l lll .i) 21.11 b.1 l9J2 2 3012 10.0 26.5 '-· 2 1988 23113 10.0 H.it 10.2 
18 2 1 2 3423 a.a 25. 1 1'1. b 1817 23022 O.J 29.6 11. l 1933 2 3122 o.o 31.b 7't. 1 1989 23ll2 o. 0 32.2 14.6 
1!122 21"23 0.5 25.1 69.6 1878 23022 0.5 29.b n. 5 l93't 23122 0.5 31.t. bb.1 1990 23112 o.5 32.2 61>.5 
18 2 3 23423 l. 0 25.7 b0.9 18 79 23022 1.0 29.b 6},5 1935 21122 1,0 31.6 58. 7 1991 21112 1. 0 32.2 59.l 
182 4 2 3't23 1.5 25.7 5b.lt 1880 23022 1.5 29.b 53. l l'llb 23122 1.5 31.b 51.l 1992 23 ll2 1. 5 32.2 52.9 
1825 23't23 2.0 25.7 50. d U81 23022 2. i) 29.u 51.l 1937 21122 2.0 3l .b 'tb.3 1993 23112 2.0 12.2 't8.4 
1826 23't.23 2.5 25.7 ..... 1 1!182 230Z2 l.5 2 '1.6 4>.4 19HI l 3122 2.5 31.6 39.l 199it 23112 2.s 32.l "1. 9 
l8.l7 21423 3.0 25. 1 39. 0 1883 23022 1. a 29.6 4J ·" 1'#19 23122 3.0 31.b H.7 1995 21112 3.0 12.2 39.4 
182A 23423 3.5 25.7 31t.1 U84 23022 J.5 29.b 3>.6 1940 2H2Z 3.5 31.b 30. 7 1996 23112 3.5 32.2 35.4 
1829 2H23 "· 0 25. 1 .:10.3 18 85 23022 ... 0 29.6 31.7 19"1 21122 4.0 31 .b 25.9 1997 21112 4. 0 32.2 31. 3 
li130 2342 3 ... 5 25.7 2!i.5 18 66 23'.l22 4.5 29.6 21. 8 19't2 23122 4.5 H .b 22.} 1998 23112 "· 5 32.2 26.8 
1!131 2 3423 5.0 25.7 22.0 1887 23()22 5.J 29.b 24. 0 194} 23122 5.0 31.b 18. 1 1999 23112 5.0 32.2 2 ... 7 
1832 2H23 5.5 25. 1 20.2 18 88 23022 5.5 29.1> 2J.l 1944 23122 5.5 31 .6 15 .9 2000 23112 5. 5 32.2 22. 2 
1833 23423 6.0 25.7 l&.5 1889 23022 6,) 29.b l~.b 1945 2 ll22 b.O .:H .t lit. 3 20'.)l 23112 6.0 32 • .2 l 'l. 0 
183" 21423 10.0 25.7 8." l8CJO 23022 IJ.O 29.6 4.6 1946 2 3122 10.0 ll .6 5.5 2002 23112 lo. 0 32.2 9.5 
1815 23-422 o.o 2.r..1 79 ... 1691 23013 o.o 2 8.1 1d .2 l'i41 23111 o.o 30.0 76.0 2003 23123 o.o 30.2 75.6 
11136 23"\22 ().5 24.1 to.~ 18"2 23013 :i. 5 28.l 11.t 19'<8 23111 0.5 30. () bb. 8 200ft 23123 0.5 10.2 b 3. s 
1837 23422 1.0 2it.7 56.b B93 23013 l. i) 2 8.1 b>.1 194'1 2 3111 1.0 30.0 58.4 2005 23121 1.0 30.2 5 ]. 5 
1838 2 3422 1.5 2'<. 1 50. 3 11111.r. 23013 1. 5 2 e.1 60.0 l'hO 23111 1.5 30.C 52.0 200!> 23123 1.5 10.z "1. 8 
ld3Q 23422 2.l 24.7 43.2 11195 23Jl3 2.) 2a.1 55. J 19 51 2 31 ll 2.0 30.0 'o5. 2 2007 23123 2.0 10.2 39 • .r. 
1640 23422 2.5 2't. l 31. 8 1896 23011 2. 'i 2 8.1 'el. 5 195.l 2 3111 2.5 30.0 40.0 2008 23ll3 2. 5 30.2 35. 7 
l!l "1 2 3'o22 3.0 2't.7 31.9 1897 23013 3. i) 2 8, l 45. l l <j 5 3 2 3lll 3.0 30.0 34.0 2009 lHl3 3.0 30.2 31.3 
lll4 2 23422 1.5 24.7 2il.2 U98 231)13 3.5 2 ti. I '<l. 0 19'>4 23111 3.5 30.0 211. ti 2010 23123 3.5 J0.2 2 b. ll 
184.l l3422 4.0 2". 1 2 '-·" 1899 23011 

"· 0 
28.l 37. l 1955 2 3111 ,.o n.o 2". 8 2011 23123 "· o 10.2 22.8 

1844 23"22 ... 5 24.7 21.l 1900 23()13 ". j 2 a. l 3}.j 195b 2 3111 "· 5 1;.o 2J.O 2012 23123 ... 5 ]().2 19.2 
1845 2 3't22 5.0 21t.7 l 7. 8 HOl 23013 s.J 2 8. 1 21.& 195 7 2 Hll 5.0 3u.O 16. 0 2013 23123 5.0 30.2 16.4 _, 
1346 23422 5.5 24.7 lb.9 1902 23013 5.5 2 !1. l 21. 4 1956 21111 5.5 3l.O H • .r. 20l't 23123 5.5 30 • .2 15. 2 __, 
lS't7 2 3422 b.:) 24.7 13.6 H03 23013 b.O 2d.l 24. 3 1959 2 3111 6.0 30.0 12.0 2015 21123 b.O 30.2 13. l N 
1848 2 3"22 l (). 0 24.7 7.8 PO't 23013 10.0 2 8.1 ~.6 l~f>O 2 llll 10.0 30.Q 4.0 2011> 23123 1 o. o 3J.2 3. l 



CHS TREAT T OtE Df<HT HCtlii JSS TREAT Tl'fc DR~T H: tl8 01\S TREAT Tl HE O? HT H(WB OBS TREAT T l'f E JRHT >!Cw~ 

2() l 7 2l2l l a.o 29.7 76.8 2073 21223 o. () 31.4 1;.1 Zll9 21,022 o.o 2<> .ti 71,6 2185 242l2 o.o 21.8 11.b 
2i>l8 21211 J.'> 29.7 67.~ 2)74 23223 0.5 11 ... b'J.8 2Hu 21,022 o.s 2&.8 10 •. 5 2186 Z4ZlZ 0.5 21.6 &9.~ 

2019 21211 l. 0 29. 7 60.4 2H5 23223 l.) 31.4 M ,l 2131 24022 1.0 2&.B 65.5 2187 21,z12 1.0 Z1. 8 o 1, 5 
2::120 2 321 l l.5 29.7 54.9 2J16 Z3223 l.5 31,4 57.3 2132 24022 1.5 2d .8 59.4 2188 2Ul2 l.5 21.8 55.& 
2'>2l 2 1211 2.J 29.7 47 .1 2J17 23223 2. () 31.4 52. 4 2133 21,022 2.0 211.e 5ft. 8 2189 H2l2 2.0 21. & ft8. l 
2022 2 J2 l l 2.5 29. 1 42.8 2:Hll 23223 2.5 31,t, '>> .1 21H 21,022 2.5 28.tl 51.7 2190 24212 2. 5 21. 8 45,3 
2023 2 Jl l l 3.0 29.7 37.) 2019 23223 ],Q 31,1, 41. 5 2135 2t,02l 3.0 211 .a 47.l 2 l91 24212 3.0 27.8 40.5 
2)24 2 3211 3.5 29.7 31. 9 2080 23223 3.5 31.4 31.3 2136 24022 3.5 2&.8 42,5 2192 l42l2 3.5 ll .8 15.6 
2025 2J2ll 4.0 29.7 21.& 2081 23223 4.0 .Jl. 4 3~. 5 2131 24022 4.0 28 .11 39.4 2193 24212 

"· 0 
21. 8 30.IS 

2026 212 l l 4.5 29.7 21. 1 2082 23221 4,5 31.4 32. j 2138 24022 t,,5 2a .e 35. 5 21'14 24212 4.5 21.11 21.2 
2027 2 32ll 5.0 29. 7 20.9 2ilil3 23223 5, () 31.4 H.O 2139 24022 >.O 28,11 31. 1 2195 21,212 5.0 21.8 24.~ 

2028 212 ll 5.5 29.1 18.6 2084 23223 5. 5 ll.4 2> ,9 2140 24022 5.5 2 ti .11 27 .8 2196 2-.zt2 s.5 21.a 2l. l 
202'1 212 l l 6.0 2'1.7 15.9 2'l85 21223 6. ·) 3 l.4 23.5 2141 24022 6.0 211.s 24.8 2197 24212 t..O 27.8 18. 3 
2·'.HO 2121 l lo. 0 29.l 6,5 2l86 21223 10.J H.4 11 .o 2142 24022 10.0 211.B 8.6 2198 2'11212 l o.o Z1 .8 5.11 
20H 21222 o.o 30 • .r. 76. l 2087 23212 o. 0 31.6 15. l 21.r.3 24011 o.o 29.0 11.3 2199 2'221 o.o 2&.3 17. 5 
2H2 2 3222 o.5 30.4 69.0 2)88 23ll2 0.5 31.6 6). 1 2144 24011 0.5 29.0 68,8 2200 24221 0.5 28.3 t.9.6 
20H 23222 l. 0 30.'lt 62. 3 2089 2lll2 l. J 31.6 57.4 2145 2'1101l l.O 29.0 62 .9 2201 24221 l. 0 28. 3 bl.l 
2034 21222 l.5 30.4 55.& 2090 ll212 1.5 31.6 so.1 2146 2'11011 l.5 2Ll 5!>.3 22J2 24221 1.5 28.J St.,9 
2015 21222 2.0 10 • .r. so.s 2J9l 21212 2 • .:i 31.6 43. 6 21" 1 24011 2.0 29.0 51.2 2203 24221 2.0 28.3 51.0 
2036 23222 2.5 30.4 4to.& 2092 23212 l.5 11.6 31.1 2148 2'11011 2. 5 B.O '117.3 220'9 24221 2.5 28.3 45.8 
2031 23222 3.0 30.4 39.'9 20'H 21212 3.0 31.6 32 .6 2149 24011 3.0 2c;.o t,3.0 22:15 24221 1.0 28.3 'tl. 8 
2018 21222 3.S 30.4 35.5 2094 23212 3.5 31.6 2:1 .1 2150 24011 3.5 29.0 39, l 2206 2U2l 3.5 l&.3 37.9 
2•B'l 2 3222 4.0 10.4 31.& 20'15 2.3212 4. 0 31.6 2't. l 2151 24011 ~.o 29.0 35. 2 2207 24221 4.0 26.l 31.9 
21)40 23?22 4.5 30.4 27,6 2J'l6 23212 4. :> 31.6 21.6 2152 24()11 4.5 29.0 31.3 2208 24221 4.5 28.3 27 .5 
21)41 23222 5.0 30.4 23.7 2097 23212 5.0 31.b B,t, 2l5l 24011 5.0 29.0 21. 1 2209 24221 5.0 28.3 lit. 8 
2042 2 3222 5.5 30.'lt 20.6 2098 23212 5. 5 11.6 l~.l 2154 24011 5.5 2'1.0 23, 8 2210 24221 5.5 28.3 22.0 
2.H~ 2 3222 6.:l 30.4 l '1. 0 2)99 23212 6, () 31.b 13. l 2155 24011 6.0 2'1.0 21.1 2211 24221 6.0 211. 3 u.c 
2'J44 23222 10.0 30 .... 8.0 2100 23212 l (). () H.b ; • 8 215t. 24011 10.0 2'1.0 1.0 2212 24221 10.0 28. 3 6.1 
2045 23211 0 .o 30.5 16. 2 2101 24021 o. Cl 30, i 7S, 4 2157 24013 o.o 27 .3 78.5 2213 24211 o.o 28.l 71.8 
204b 23213 0.5 30.5 71. 5 2102 24021 0.5 30.2 61. 't 2158 240U 0,5 27.3 70.6 2214 2Hll 0,5 28.7 10.0 
2047 2l2 l 3 1. 0 30.5 b 1. 2 2103 2't021 l. Q J0.2 6).8 2159 24013 1.0 21.3 63.5 2215 24211 l. 0 28. 1 6S. 0 
2048 23213 l.5 30.5 b2,l 2104 24021 l.5 30.2 51. 8 2lb0 21,013 1.5 27.) 58.4 2216 21,211 1.5 28.1 58.4 
204'1 23213 2. 0 30.5 56.b 2105 24()21 2.() 30.2 lo8. l 2lbl 2401J 2.0 21.3 51. 3 2211 24211 2.0 28.l 5". 5 
2050 2lll3 2.5 30.5 5Z.l 2106 24021 2.5 10.2 1,2. 8 21<>2 24013 2.5 27.3 '111. 0 2218 21,211 2.5 Zll. l 50.t 
2051 2 1213 J .() 30.5 48,() 2107 2io02l ), () 10.2 33. 1 Zlb1 24013 3,0 27.3 43.1 2219 21,211 ).0 28.7 4o.C 
2052 21213 3.5 30.5 ....... 1 2108 24021 ],:) 10.2 h.Z 211>4 2 40 l.l 3.5 27. 3 41.1 2220 24lll l.5 ld.1 lo lo 1 
2051 23213 4.0 30.5 40. 2 2109 24021 4.0 30.2 3'.l. 3 Zl&5 24013 ".o 21 • 3 38.) 22Zl 24211 4.0 28.7 35.9 
205'< 23213 4.5 30.5 )6,) Zl 10 24021 4,, 30.2 2b.4 2166 240U 4.5 21.3 33. 2 2222 24211 

"'· 5 
2B.7 32.8 

2055 23213 5. 0 30. 5 32.4 211 l 2402l 5,'.) 30.2 22 .5 2167 24013 5.0 21.3 21.3 2223 24211 s. 0 28. 7 29.7 
2056 23213 5.5 30,5 28.5 2112 2402l 5,5 30.2 H.6 Z168 24013 5.5 2.1. 3 26.'i 2224 24211 5.5 28.7 21.c 
2057 23213 6.0 30.5 25.4 2113 24021 6.0 30.2 lt.. J 2169 21,013 6.0 27.3 2.3.4 2225 24211 o.O 28.7 2 3. 5 
20511 21213 10. 0 30.5 9,0 2114 24021 lo. 0 10.2 \,5 2170 24013 l ll .o 27.3 7.6 2226 21,211 10. 0 ZB.1 a.o 
2059 21.?21 o.o 30.9 76.J 2115 24023 o.u 30.3 1~. 3 2171 241lll o.o 28.7 11.0 2227 24213 o.o 26 .o lB .o 
2060 2122 l 0.5 30.9 10.2 2 l l6 24023 0.5 30.3 6~.3 ll72 24012 o.5 26.7 68.& 2228 24213 0.5 za.o 12.6 
21)61 2 3221 t.o ]!).9 65. 2 2117 24023 l. o 30.3 6<t.2 2113 24012 l.O 28.7 bl,O 2229 24213 l. 0 28.0 66.9 
2062 2 322 l l.5 30.9 61. 3 2118 24023 1.5 30. 3 5ti .4 2174 24012 t.5 28.1 H.O l2l0 21,211 1.5 2a.o "1.8 
206 3 2 322 l 2.0 30.9 5&. 7 2119 241)23 2.0 30. 3 5<.5 2115 24012. z.o 26.1 t,0.6 2231 242l3 2.0 2 a. o 51. 5 
2064 2 322 l 2.5 10.9 52.4 2120 24023 2.5 30. 3 4~.8 2176 24012 2.5 26.7 0.4 2232. 24213 2.5 28.0 B.5 
206~ 2 3221 ]. () 30.9 48.l 2121 24023 3.0 30. 3 45 ,\l 2177 2't0l2. J,O 28.7 38.2 2233 24213 3.0 28. 0 4'1.6 
2Jbb 2 3"21 3,5 30. ll 43.9 2122 24023 3.5 3 o. 3 4?. 3 2116 24012 3.5 211.1 33. 8 2234 24213 3. 5 28.o 45. 1 
2167 2 1221 4. () 30.9 40.:l 2123 24023 4.0 30. 3 33 ,4 2179 24Jl2 ". 0 28.7 29.lo 2235 24213 4.0 28.0 41.3 
2168 2 3721 4.5 30.9 3t.. 5 2124 2402'3 4.5 30. 3 34 .'I 2180 2•01.< 4.5 28.7 25. 0 2216 24ll3 4,5 2cl .o H.6 
20t>q 21221 5.0 30,9 33.4 2125 24023 5, :> 30.3 31. 4 2lbl 24012 5.0 20.1 21. 8 2237 2421J 5. 0 28.0 34.6 
2(170 2 3,• 21 s. ':i 30.9 30.3 2126 24023 5.5 30. 3 21. l 2182 2'i01L 5.5 za.1 111. 4 2238 2'<213 5.5 28.0 J0.7 

__, 
20 7l 2 3221 6. 0 30.'I 21>.~ 2127 24023 6. ·) 30. 3 2~.i 2 Id 3 l40l2 6.0 2b.7 11. 0 2.239 24213 6.0 ze.o 28.0 

__, 
2•112 2 32 21 10.0 30.'I 10.9 Zl28 2't023 10.0 3 o. 3 ~.'I 2ld4 24012 10.0 21l. 7 5.4 2240 2'i213 10.0 28.0 11.0 

w 



OBS TRE .\T Tl 14E OR14T HCW8 JBS TPEAT Tl14E OR'IT 14~10ll Q<jS TREAT TIHE 0~ HT '4:118 Ol!S lREAT Tl14E OR14l "'"a 
224 l 24222 o.o 21.2 J8.6 2297 24112 o.J 28.2 1~. 0 2353 24't 13 o.o 26.4 11.3 .!409 2lt421 o.o 28.Z 11.4 
2242 24222 0.5 21.2 10.3 2298 24312 J.5 28.2 12. 1 2354 24411 0.5 28.4 69. 3 2410 24421 0.5 za.2 12.6 
2243 24222 1. (} 21.2 66.4 2299 2012 1. :> 28.2 61.0 2155 244ll 1.0 28.4 63.1 l'tll 24421 1.0 28.2 66.6 
22•4 21,a2 1.5 21.2 59.7 2300 24312 1.5 28. 2 62.3 2156 24411 1.5 28 ·" 57.3 2"12 24421 1.5 28.2 61.4 
2245 H722 2.0 21.2 55.J 2301 201Z 2.il 2 8.2 57.3 2351 24413 2.0 28.'e 53.3 2413 21,1o21 2.0 za.2 51.lo 
2246 24222 2.5 21.2 50.6 2302 2012 2.5 28.2 53 ·" 2358 ZHU 2.5 za ·" 41.3 2"1" 2"42 l 2.5 28.2 52.6 
22•7 21ozz2 3.'l 27.2 fo5.l 2303 2"312 3.0 28.2 48. 7 2Hi 2fo"13 3.0 26 ·" "1. 1 2415 24421 3.0 28.2 fo8.6 
2248 H222 3.5 21.2 "l. 2 230fo Z<.312 1.5 28.Z "; .2 2160 2fo+U 3.5 26 .4 31 .3 2411> Z<t42l 3. 5 211.2 1o2.2 
2249 24222 1o.o 21.2 36.5 2305 24312 4.0 28.2 4J.5 211> l 24413 1o.o 28 ·" JJ.J 2417 21tlt21 4.0 28.2 39.4 
2250 24222 ... 5 21.2 3't.9 2101> 24312 ... 5 28.2 31.0 2102 21t413 4.5 2t1.lt 29.3 2U8 24421 4. 5 28.2 11 ... 
2251 21t222 5.0 21.2 31. 3 23()7 243ll 5.il 28.2 H.lt 2363 2't4U 5.0 28 .4 25.3 2419 24421 5.0 28.2 H.4 
2252 2't222 5.5 21.2 28.2 2308 24312 5.5 28.2 29. 9 23t>1, ZHU 5.5 B.lt 22.1 2fo20 2"42 l 5.5 28.2 29 ... 
2253 2"722 l>.J 21.2 21,.) 2309 2012 t..J 28.2 21.z 2365 l44H 6.0 28.fo 20.5 2421 2fo'e2l 6.0 28.2 25.8 
22 .,,. 21,222 10.0 21.2 9.3 2310 21,312 lo. 0 28.2 -1.6 2366 ZHU 10.0 2a ·" 8.1 2fo22 241t21 10.0 28.2 H. 2 
22 55 2"223 o.o 27.6 77.'} 2111 24313 ').) 28. 8 11.2 2367 24lt23 o.o 21.9 11. 1 2"23 24fo22 o.o Z9.0 76.8 
2256 24223 0.5 21.b 68.3 2H2 2"3l3 0.5 28.8 H .1 231>8 24fo23 0.5 21.i 69.7 242't 24fo22 o.5 29.0 u.8 
1257 24223 1.0 27.6 60.3 2H3 24313 1.0 28. 8 61.lt 231>9 24423 l.O 21.~ 62.l 2't25 2'tlt22 i.o 29.0 59.1 
22:lll 24223 1.5 27.6 52.7 2314 .ZU 13 1.5 28.8 63 .4 2110 2 't"23 l.5 27.9 57. 1 2fo26 2"422 •• 5 Z9.0 52.1 
22 59 2't223 2.0 27.6 'tl. 5 2315 2013 z. (} 28.8 5~ .4 231 l 2fo't2J 2.0 27.9 51.7 2't27 2'>422 2. 0 29.0 45.5 
2260 2"223 2.5 27.6 u.1 2316 24313 2.5 28.8 5!>.) 2372 2442J 2.5 27.9 lo) .1 2428 2H22 2.5 29.0 39.8 
2261 2'o223 l.O 27.6 36.7 2317 24313 3.J 28.tl 52 .3 2373 24't23 3.0 21.9 '>l. 1 2fo29 2ltfo2 2 3.0 29.0 35.2 
2262 21t2£3 3.5 27.6 32.3 2318 2013 3.5 28.11 o.1o 2Hlt 2io423 l.5 21.9 36.l 2430 2't422 3. 5 29.0 28.6 
226~ 2 "22 3 4.0 27.6 27.5 2119 24113 'o.:> 28. a ""." 2315 2 HZJ 1,.0 ZJ.9 31.7 201 2H22 4.0 29.0 24.9 
22o'o 21t223 "· 5 27.6 22.7 2320 24313 ".5 28.8 41.3 2376 2442J 4.5 27.9 21. 1 2"12 2lt42Z 

"· 5 
Z9.0 22.0 

22<> 5 2fo221 5.0 27.6 20. 3 2321 2"313 5.0 28.a )ii .5 2311 24423 5.0 21.9 21t.5 2433 24fo22 5.0 29.0 19.1 
l26t. 2'e223 5.5 27.6 lb.1 2322 24313 5.5 28.8 35. 7 2318 2'tfo2l 5.5 21.9 21. 1 204 24't22 5.5 29.0 15.8 
121> 7 2ltl23 i..:> 27.6 14. J 2323 243l3 6.:> 28.d 3!.6 2319 24fo2J 6.0 27.9 11. 1 2435 24422 6.0 29. 0 1". 2 
2261> 21t223 10.0 21.6 5.9 2124 2io3ll 1J.0 28.tl l~.4 2180 ZH23 10.0 21.9 6.5 2"36 2"1t22 10.0 29.0 b.1 
22b9 2'e321 o.:i l:l.O 76.<t 2325 24323 O.l 21.J 1~.2 23dl 24"11 o.o 211.t 11. 5 2'eJ7 2'el21 o.o 21. 3 81.5 
227() 2'e321 o.5 30.0 68.5 2326 2023 0.5 2 J .Cl 6~.a 2382 2'tfoll 0.5 28.1 11.1 208 2"121 o. 5 21.3 12. 8 
2271 24321 1.0 30.0 61. 8 2327 2 .. 323 l. '.} 21.0 62.1 23113 24411 1.0 26.1 61.1 2"39 2"121 l.O 21. 3 61t. l 
2212 2 "121 1.5 10.0 55.5 2Ji.'8 21tl23 1.5 2 7.0 5&.5 23114 24411 1.5 28.l 63.5 24fo0 24121 1.5 21.3 56.7 
2273 2021 2.0 JO.O 50. 8 2329 2021 2.0 21. 0 5J.8 2385 2fo'tll 2.0 2il .1 59.5 2fo"1 24121 2. 0 21.3 51. 5 
2214 2'el21 z.5 10.0 .. 5.3 2HO 2023 2.5 27.l 4;.2 23!11> 24Hl 2.5 28.l 5t.. 7 2io't2 2H2l 2.5 21.3 "". 1 
227 5 2"321 l.O 30.0 fo0.2 2331 24321 3.0 21.0 41.l 2387 21tltll l.O 28.l 53. l 24fo3 24121 3.0 Zl .l 18.0 
2216 2"321 3.5 10.0 35.8 2332 24323 3.5 21. 0 11.1 238d 2Hll 3.5 2S .1 H.l 2444 24121 l.5 21.3 33. 7 
22 77 24321 4.0 30.0 11.5 2333 24323 ... i) 27.0 31.9 2li19 2 41, 11 4.0 211.1 fo5.5 2445 2"12 1 4.0 21. 3 28.9 
2l 16 24321 lt.5 30.0 21.~ 2334 2"32 3 ". 5 21.0 21.() 2HO 2 4"11 4. 5 28.l 42.3 l4ltb 24121 "· 5 21.3 25.Q 
2279 24321 5.0 30.0 2't." 2335 2"123 5. :> 21. 0 2<t. b 2391 2Hll 5.0 2tl .1 38.3 24H 2'o 121 5.0 21.3 20.6 
221l0 2fo321 5.5 30.0 21.1 2336 2023 5.5 27.0 2J.6 2392 24411 5.5 28. l 35.9 2'-1t8 24121 5.5 21.1 16.l 
2Zill 21t321 6.0 30.0 19. 3 2337 202 3 6.J 21.0 H .'l 2393 2"411 6.0 28.l H.l 24lt9 24121 6.0 21.3 1".5 
2282 2"321 10.0 10.0 6.7 2136 2023 10.0 21.0 >.9 2394 2ioHl 10.J 28.l ts. l 2"50 2"121 10.0 21. 3 ).2 
22 !13 2ltl22 .J.() 29.8 76.2 2339 24311 O.J 28.5 11.2 2395 2 "412 o.o 27.5 78.0 2451 2fol22 o.o 21.0 82.9 
22dlt 2"322 o.5 29.8 11.B 2340 Zltlll 0.5 28.5 6~." 2196 2fo'tl2 0.5 21 .5 n.2 2"52 2"122 o. 5 21.0 , ... 8 
22115 24322 t .() 29.8 6fo.2 2341 2431 l l.J 28. ~ H.2 2397 24"12 1.0 27.5 68.4 2't53 2"122 l.O 21.0 67.9 
2286 24322 l. 5 29.8 ,a.!> 23"2 21,311 1.5 28.~ 52 .4 23'<8 2io412 1.5 Z1 .5 bfo.4 245" 2"122 1.5 21.0 61.0 
228 7 24322 2.0 2'11.8 53. Cl 2H3 2"311 2.0 2 ti. 5 lt~.8 2399 2 4"12 2.0 21.5 60.lt 2fo55 2"122 2.0 21.0 55. 7 
2288 2 "12 2 2.s 29.8 48.2 234'e 2"311 2.5 28.5 'tJ." 240l 2'-412 2.5 27.5 51>.'t 2't56 2"122 2.5 21.0 50.8 
22i19 24322 3.0 29.6 44.2 2H5 24311 3.0 211.5 3> .4 l401 24'ell 3.0 21.5 52. 8 2457 2'el22 3.0 21.0 'tb. 3 
2290 2't322 3.5 29.8 40.2 23'eb 24311 3.5 26. 5 31.1> 2"02 24"12 3.5 27.5 48.tl 2458 2'tl.22 3.5 21.0 "1. q 
229 l 21t322 to.() 29.8 35.4 21"7 2Ul l 1,.J 28.5 2,.b 2ltJ3 24"12 4. 0 27.5 45.2 2"59 2"122 1o.o 21.0 37.4 
2292 24J22 

"· 5 
29.8 j l." 23"8 2"311 't.5 28.5 21. 2 21t'lfo l't412 4.5 27.5 fol. 2 2ltb0 2"122 

"· 5 
2 l. 0 13.3 

2293 24322 5.0 29.8 27.8 21'e9 24311 5.0 28. 5 u.1, 2'e05 2 4"12 5.0 27.5 39.'o 2461 2"122 5.0 ll .O 30.l 
2294 24322 5.5 29.8 2 ... 2 2350 2"311 5.:0 28.5 l~. 4 2401> 24412 5.5 27 .5 }b. 0 21,62 24122 5.5 21.0 lt..a 

_, 
ll95 24322 b.O 29.8 21.'o 2151 2fo3ll 6.) 2ti.5 tz .a 2ltJ7 2 4"12 6.0 27., 33.2 21,b} Z<tl22 b.O 21. 0 2 3. 2 

_, 

22)6 24322 10.0 29.8 8.2 2352 24Hl lo. J 28.5 '-· 4 21oil6 2 'e"12 10.0 21., lb .o 24&1, 24122 10.0 21.0 1. 3 .i::. 



OHS IREAT TI '4F ORHT HCWd l8S Til.E AT TIME ORllT H: 118 GSS TREAT TIJolE 01\Jo!T 11: 'll 0115 TREAT TIJolf )~HT '1C lit 

2465 24123 o. J 19.9 83.1 2521 25113 O.J 22.'l dl.2 2511 25lli a.a 23.1 111. 7 2C.33 25 322 o.a ll .a 83.3 
241>6 24123 0.5 19. 9 71>. 1 2522 25113 0.5 22.'I 7l .6 2578 25112 0.5 2l .1 14.a 26H 25l22 a.5 21. a 75.4 
2t,67 24123 l.a 19.9 10.2 2523 25113 l .a 22.9 6J.7 2579 25112 l.O Z3 .1 b&.8 2635 25322 l.a 21.a 69.4 
2468 2itl ll 1.5 19.9 &5. 2 2524 25113 1.5 22.9 5~.6 258a 2 5112 1.5 23.l 62. 5 2636 25322 1. 5 ll .a &3 .'I 
2469 24123 2.a 19.9 57.9 2525 25113 2.0 22.9 4d.O 2581 25112 2.a 23.l 5b.a 26H 25322 2. 0 21.0 58.7 
2470 24123 2.5 19.9 53.B 2'>2b 25113 2.5 22.9 t,J. l 2582 25112 2.5 23 .l 52.4 2638 25122 2.5 21.a 54.4 
2471 24123 3.0 19.9 49.7 2527 25111 J.a 22.9 38.2 25d3 2 5112 3.a 23.1 48.8 209 25122 3.0 21.0 5a.4 
2i.12 2iol23 3.5 19.9 45.b 2528 25113 3. 5 22. 9 32.9 258io 2 5ll2 3.5 23.1 t,5.2 264a 25322 3. 5 21.0 ft6.0 
2473 24123 It.a 19.9 'tl.5 2529 25111 

"· 0 
22.9 211. a 2585 2 5112 It.a 21.1 41.6 2oH 253l2 lt.O 21.a H.7 

2io74 24123 't.5 19. 9 37.4 ZSJa 25113 4.5 22.9 z~.1 25d6 2 5112 4.5 23.l 36. 2 26"2 ~5322 4. 5 21. a 31. 1 
2" 75 24123 5.0 19.9 3 3. 3 2511 25113 5.a 22. 9 21 ·" 258 7 2 5112 5.0 23. l 32. 5 2643 25322 5.0 21. a H.l 
247b 24123 5.5 19.9 1a.~ 2532 25113 S.5 22.9 ltl. 5 2568 25112 5.5 23.1 28.3 2644 Z532Z 5.5 n .a 3a.6 
24 71 24123 6.0 19.9 27. 1 2531 25113 6.a 22.9 15. 1 Z589 2 5112 i..a 23.l 21.1 26'95 25322 6.0 21. 0 26.b 
24 711 2412) ta.o 19.9 9.'J 25H 25113 10.0 22.9 ~.6 259a 25112 10.a 21.1 12.3 26'6 25322 la.a 21.a 10.7 
2419 2'9111 o.o 20.1 83.2 25 35 25111 a.a 22.9 81.2 2591 25121 a.a 21.1 112.1> 26io1 25121 a.a 21.a 81.2 

2"80 24111 a.5. 2a.1 76.8 2536 25111 0.5 22.9 H.4 2592 2 5121 0.5 21.7 12.2 2648 25321 a. s 21.a 76.0 

2"6 l 241 ll 1.a 20.1 71.'J 2537 25111 i.a 22.9 bit.It 2591 2 5121 1.0 21. 7 62.b 21>'t9 25lll 1.0 21.a 1a.o 
2482 24111 1.5 2a.1 67.a 2>38 25111 l.5 22.'I I>? .o 25\14 2 5121 l.5 21.7 56. a 265a 25121 1. 5 21.a &4. 0 
24t!3 24111 2.a 20.1 63.a 2539 25111 2.0 22.9 55.8 2595 2 5121 2.a Zl.7 49.'t 2651 25321 2.'l 21.0 59.2 
248" 24111 2.5 2a.1 58.5 2540 25111 2.5 22.9 51.7 2596 2 5121 2.5 21.1 lo6.9 2652 25121 2.5 21.a 54.8 
2'985 2 "1 ll 3.0 2a.1 51o. 5 25 lol 25111 1.a 22.9 47 .6 2597 2 5121 3.0 21.1 'tl." 21>53 25 321 3. 0 21. 0 5a.o 
24t!6 2"' 11 3.5 20.1 5a.9 25't2 2511 l 3. 5 22.9 43.5 25'l8 l 5121 3.5 21.T 3!>.9 265't 25321 3.5 21.a 4t. i) 
2487 24111 4.0 2a.1 47.Z 25"3 25111 4.a 22.9 3~ ·" 

2599 2 5121 4.0 21.7 12. 7 2655 25321 
"· 0 

21.0 42.0 
2488 2 4111 lt.5 20. 7 "3. b 2541t 25ll l 4.5 2 2. 'I li.3 26Ja 2 5121 4.5 21.1 27.d 2656 25321 

"· 5 
21.0 38.0 

2489 2 "111 5.a 20.1 19.5 25"5 25111 s.a 22.9 ll .2 2t:O l 2 5121 5.0 21. 7 Z't.O 21>57 25321 5.a 21.0 h.4 
2490 24111 5.5 20.1 3b.1 2546 25111 5.~ 22.9 27 .5 2b02 2 5121 5.5 21.1 20.2 l658 253.l l 5.5 21.0 10.S 
2io9 l 2 4111 6.a 2a.1 3't. 3 25'97 25111 (, . .) 2 2.'I 21.0 2603 2 5121 6.a 21. 7 11.'t 2659 25321 6.a 21.0 21.1;, 
2492 2 4111 1a.0 20.7 15.2 2548 25111 lG.a 2 2. 'l 7.9 lb04 2 5121 10.0 21.7 1.8 266a 25321 10.0 21.0 10.0 
2493 24113 a.a 20." 83.l 2549 25122 a.o Z3.I> Ill • l 21>05 25321 o.a 21.7 112. 8 2Ml 25312 a.a 2J. 1 83.4 
2494 24113 0.5 2a.4 15.b 2550 25122 0.5 2 3.6 13. 5 2b06 25323 0.5 21.1 7l.5 2t62 Z5312 0.5 20. 1 75.1 
24'l5 24113 1.0 20.4 b7.9 2551 25122 I.) 21.11 63.l 2o07 25323 1.a 21.1 62. l 2bl>l 25Jl2 1.0 20.7 bb.6 
2496 24113 l. 5 2a.4 59.4 2552 25122 1.5 2 3.b 63.5 2608 25323 1.5 21. 7 54.6 21>64 25312 1. 5 2a. 7 60. 2 
24'17 24113 2.a 2a.4 51.2 2553 25122 2.0 2 l. b 5:l. 1 2609 2 5323 2.a 21.1 48.7 261>5 ZS.312 2.a 2 o. 1 54.3 
2'998 24113 2.5 2a.1t 

"'· 9 
255'9 25122 2.5 2 l.6 53. 5 2610 25323 2.5 21.7 41.5 26b6 25312 2.5 za.1 't'l.ft 

2499 2Hl3 3.0 20." 44. 0 2555 25122 3.a 23.b "). 5 lbll 25323 3.a 21 • 7 36. 3 2667 25312 3.a 20.7 ft5. 2 
2500 24113 3.5 20.4 4a.2 2556 25122 3.5 21.0 4S.5 2bl2 25323 3.5 21. 7 3a.8 2668 25312 3.5 ZJ.7 38.S 
'501 2411 3 4.a 20.4 36.3 25 57 25122 'o.O 23.b 'ti. 5 2bl3 25323 4.a 21.1 25.6 2669 25312 4.a 2a.1 37. 7 
25a2 24113 4.5 20.4 32.a 25511 25122 4. 5 21.6 37.5 2bl4 2 5323 4.5 21.7 21.7 2670 25312 4.5 2 (!. 1 13. 7 
2SH 241 lJ 5.0 20.lo 28.2 2559 25122 5.J 2 3.b lJ.5 Zol 5 2 532J 5.0 21.1 18.5 2611 Z5312 5.0 20.7 25.2 
250't 24113 5.5 20.4 2". 3 256a 25122 5.5 2 3.b 3) .3 2616 25323 5.5 21.7 15. 1 2612 25312 5.5 20.1 24.~ 

2505 24113 6.0 20.r. 2a.9 25ol 25122 6. 0 23. 6 21. 5 21>17 2 5323 6.0 21.1 13. 7 2b1l 25312 t.O 20.1 23.5 
250c 241 ll IO. 0 2(1.4 5.5 2562 25122 10.a 2 3.b •• 5 2616 25323 10.0 21.1 4.2 2674 25312 lo. a 2a.1 1.e 
25J7 24112 o.o 20.7 83.2 2563 25123 a.a 22.9 81.b 2bl9 25311 o.o 21 .9 82.5 2675 25313 a. 0 21.l a 1.1 
250tl 24112 0.5 2a.1 75.l 25b4 25123 a.5 22.9 H.O 2i.2a 2 5311 a.5 21 .9 72.5 2b1b 25313 o.s 21.1 ri. t 
2509 24112 l. J 20.7 118.l 2>b5 25123 1.0 22.9 61.b 262 l 25311 1.a 21 ·" 6ft.5 21>11 25313 1. 0 21 .1 61.5 
2510 24112 l. 5 20. 1 bl.() 2566 25123 1.5 22.9 61.9 2622 2 53ll 1.5 21 .9 59.5 2618 25313 1. 5 21.1 54. 3 
2511 24112 2.CI 20.7 56.l 25b7 251.23 2.'.l 22. 9 57.9 2l2 3 2 5311 2.0 21.9 52.5 2b19 25113 2. () 21.1 41. 5 
2512 2Hl2 2.5 2a.1 't8.() 2Sb8 25123 2.5 22.9 53 .9 262" 2 531 l 2.5 21.11 lttl. l 208() 25313 2.5 21.1 4 :1. l 
2513 2"112 3.0 20.1 44.0 25o'l 25123 J.a 22.9 .. ~. 5 21>2 5 25311. 3.0 21.9 43. 7 2611 l 25313 3.0 21.1 J7.5 
2'>14 24112 3.5 20.1 35.9 2570 25123 3.5 22. 9 't5. 5 ZL26 2Hll 3.5 21.~ 39. l 2682 25 ll 3 3.5 21.1 3 2. 1 
2515 2ioll2 

"· 0 
2a.1 35. 5 2511 25123 4.0 22.9 ftl • ti 2tl7 l 531 l 4.a 21.9 35.7 26113 25313 

"· 0 
21. 1 2d.3 

2516 2"112 4.5 20.1 31.4 2572 25123 4.5 22.9 37. d 262tl 25311 4.5 21 .'I 32.5 ~ttl4 25 313 4.5 21. l 24.3 
2517 24112 5.,) 2l.7 27.S 2) 73 25121 5.) 2 2.'I 33.~ 2bl.'I 2 5311 5.o 2 l .9 21.1 26d5 25 313 5.0 21.1 21.9 __, 
2518 24112 5.5 20.7 23. 7 25 74 25123 5.5 Z2.9 3).2 26JO 2 53 ll 5.5 21 .'I 25.3 2bdb 25113 s. 5 2 I. I l 7. 9 _. 
2519 2ioll2 b.a 2a.1 20.9 2)75 25123 b.O 22.9 27.8 2b3l 2 5311 l .O 21 .9 22.5 l.t.iH 25H3 6.J 21. l 15.l C.11 
2520 24112 l (). 0 ;ia.1 6.3 25 lb 25123 10.0 22.~ 12.9 2b32 25311 10.0 21.<J b.9 2688 25313 la. o ll. l b.1 



OHS TRf AT Tl'tE ORHT HCWb JtlS TREAT TIM~ ORHT H: ioid Gd S TREAT Tl HE ORHT ,'4(•8 065 TREAT TIME ()RHT H(OIB 

2689 2 52 l l o.o 24.7 80. 2 2H5 25Z22 a • .:i 2 4.1 8).6 28)1 2542l o.o 22.d tll .6 2857 25022 o.o 24. l 80.C> 
26.,0 2 521 l 0.5 24.7 11.io 27"6 Z5ZZ2 0.5 21o.1 12 .1 26l2 2 51o21 o.5 22.s 7!>.4 2858 25022 0.5 24.1 70.9 
26ql 2 5211 i. () 24.7 63.4 Z747 25222 1.a 2 It. 7 63.6 211ll 25"2l 1.0 22.8 1Z. 3 2859 25022 1.0 24. l 60.8 
269 l 252l l 1.5 H.l 56.6 Z748 25222 1.5 2 "· 1 57.l 26J4 2 51o2l 1.5 22 .tl bb.1 2860 25022 l. 5 zt,. l 53. 5 
2693 2 5211 2.0 24.7 51.4 2749 25222 2.0 24. 7 5;. 1 28l5 25421 2.0 22.8 1>2.3 281>1 25022 2.0 Z4. l 47.5 
2694 2~211 2.5 Zit. 1 41>.2 2750 2522l 2.s 2 't. 7 51.0 21l06 25't2l 2.5 22 .s 58.2 2862 25022 2.5 H.l 39.8 
2695 25211 1.0 21o.1 40.b 2751 25222 3.0 21o. 1 ,., .1 2637 2 5421 3.0 22 .8 54.2 2863 25022 3.0 24.l H.io 
26'U 25211 3.5 2". 1 35.a 2752 25222 3.5 21o. 1 t,3.9 28'.l8 2 51o21 3.5 22.8 51.0 281>'- 25022 3.5 H.l 32.6 
2697 2 ~211 lt.O 24.7 31.lt 2153 25222 't.O 2 It. 7 lt).0 28J9 2 5421 lo.O 22.8 lt6. 5 2865 25022 t,,.O lit. l ll.1 
2696 2 5211 't.5 21t. 1 27.'o 2754 25222 "· 5 2'<. 1 3S.1 21!10 2 5to2l lo.5 22.8 43.7 2866 25022 4.5 2 "· l 23. 7 
2i,q9 25211 5.0 2 ... 1 23.4 2755 25222 5. () Z't.l 32.9 2bll 25421 5.0 22.8 40. l 2867 25022 5. 0 Z't. l 20.5 
270C 2 5211 5.5 2io. 7 19. 8 2756 25222 5.5 2 4. 7 3) .2 2812 2 5421 5.5 22 .8 31>.0 2868 25022 5. 5 24.l 16.5 
2101 2 52 l l 6.0 21o. 1 17.'t 2157 25222 6.0 2't. l Z1. O 2&13 25421 b.O 22.8 H.O 28b9 25022 b.O 24.l 15.2 
2702 2 5211 10.0 Z't. 1 't.b 2158 25222 10.0 2 't. 1 a.5 2814 25421 10.0 22 .s 15.9 2870 25022 10.0 2" .1 3.5 
2103 25223 o.o 24.2 80.9 2759 25212 o.:> 2 3.il 81. 3 2815 25"'12 o.o 22 .ti 81.8 2611 25023 o. 0 23. 2 111. 4 
2704 25223 o.'> 24.2 74.9 21b0 25212 :>.5 l J.8 n.4 281b 25412 0.5 22.8 h.6 2812 25023 0.5 21.2 lS.O 
270S 25223 1.0 2't.2 68.b 21bl 25212 1.0 2J.8 65 .5 2817 25412 1.0 Zl.& 69.8 2813 25023 l. 0 23.2 69.4 
2106 25223 1.5 24.2 64. 7 2162 25212 l. 5 21.a 63.0 2818 25'tl2 1.5 22.a 65.8 281'e 25023 1.5 n.z 63.0 
2707 2'>223 2.0 24.2 5\1.9 2163 25212 2.0 21.e 53. 7 2819 25iol2 2.0 22.8 61.0 2875 25023 2.0 n.2 58.6 
2706 25223 2.5 Z't. 2 56.0 2164 25212 2.5 2J.8 H.8 2ti20 25"12 2.5 22 .8 57. 0 281b 25023 z.5 Zl. 2 53. 4 
2709 25223 3.0 24.2 52.0 21b5 25212 3.0 23.8 45.4 282 l 2 5"12 3.0 22 .8 52 .b 2817 25023 3.0 23.2 49.8 
2710 25223 3.5 2't.2 48. l 21bb 25212 3.5 2 3.8 41. l 2822 25412 3.5 22.11 49.'o 2818 25023 3.5 21.2 45. 8 
2711 2522 3 4.0 24.2 44.l 2167 25212 4.0 2 3.8 H.t, 2bl3 25412 4.0 22 .8 45.'t 2879 25023 4.0 23. 2 43. 0 
2112 25223 4.5 24.2 1oo.2 2768 25212 4.5 23. 8 32. 0 2824 l5412 't.5 n .e lol.8 2880 25023 4.5 23.2 38.b 
27 13 25223 5.0 2't.2 17.0 2'69 25212 5.J 23.8 28 .9 2825 25412 5.0 22.s 37. 8 2881 25021 5. 0 Zl.2 H.O 
2714 252,n ;.5 24.2 H.4 2170 25212 5.5 2 3. 8 2i.4 282b 25412 5.5 22 .& 35.8 2882 25023 5. 5 23.2 31.6 
2715 25223 6.0 Zit. z 30. 7 2771 25212 b.O 23. 8 22. 2 2821 2 5"12 t..O z2.a H.8 2883 25023 6.0 23.2 29.4 
211 b 25223 10.0 2't.2 12.5 2112 25212 10.0 23.6 7.6 21128 25412 10.0 22.8 lb.6 288io 25023 10.0 n.2 10. 2 
2717 25221 o.o 24.\1 80.4 2173 25422 o.o 25. 9 H.l 21129 2 5"11 o.o 22.9 81.7 2885 25013 o.o 22.e 81.8 
2718 25221 0.5 21o.9 13.1 2774 25422 o.5 25.9 6~ .o 2810 25'tll 0.5 22.9 n.8 28116 25013 o.5 22.s 13.6 
2719 25221 1.0 24.9 b9.0 2115 25422 1.:> 2 5.9 bl • 8 2631 25411 1.0 22.'J 68.5 2887 25013 l. 0 22.8 bd.b 
2120 25221 1.5 24.9 64.6 217b 25io22 1.5 25.9 54.9 2832 25ioll 1.5 22 .9 61.5 2888 25013 l.5 22.8 63. 4 
2121 2 5221 z.o 21o.'l 61.1 2777 25422 2.:> 25.9 41.7 2b33 25'tll 2.0 22.9 51.0 2889 25013 2.0 22.a 59.4 
2122 2522 l 2.5 24.9 56. 0 2178 25io22 2.5 25.9 43 .z 2834 2 5"11 2.5 22 .9 52.9 2890 25013 2. 5 22.8 53. 8 
2123 25221 3.0 24.9 52.0 2179 25422 3.0 25.9 H.8 2835 25ioll 3.0 22.9 49.7 ZB'H 25013 3.0 22.8 50.2 
212't 25721 3.5 24.9 48.~ 2780 25io22 3.5 25.9 3'<. 8 2836 2 5'tll 3.5 22.'I 

""· 6 
2692 25013 3.5 22.8 45.8 

27 25 25221 4.0 24.9 't5. 0 2181 25422 4.0 2 5.9 lJ.3 2831 251oll 4.0 22 .9 t,;). 5 2893 25013 4.0 22.11 42.2 
27 26 25221 4.5 2'-.9 39.l 2782 25422 4.5 2'>.9 2~.7 2cl38 2 5411 4.5 22 .~ 35.9 28H 25013 't. 5 n.a l'I.'-
2727 25221 5.0 2io.9 38. 3 2183 25422 5.J 2 5.9 u .1 2(139 2 5411 5.0 2 2 .'I H.4 2895 25013 5. 0 22.8 35.8 
2126 2 5221 5.5 24.9 H.3 2784 25io22 5.5 25.9 U.4 284 :l 25411 5.5 22 .9 28.2 l896 25013 5.5 22. 8 32.b 
2729 25221 b.:) 24.9 31.~ 2785 25422 b • .:I 25.9 11.8 284 l 2 5'.ll i..o 22 .9 21.1 2897 l5013 6.0 22.8 28.6 
2730 25221 10.0 24.9 13. 5 2786 25422 10.0 2 5.9 ~.5 2942 2 51oll 10.0 22 .<J 11.6 2898 25013 10. 0 22. 8 11.8 
213l 2 5213 o.o 24.l 81.0 2187 25413 o.o 22.'t 82.l 284 l 25423 o.o 23.:l 81.6 2899 25021 o.o 22.5 82.1 
2732 25213 0.5 24.l 75.l 2188 25413 0.5 22.4 H.l 20 .. 4 25to23 0.5 23.0 72.8 2900 25021 0.5 22.5 77.2 
2733 25213 l. 0 24.l 69.b 2789 25413 l. 0 22.4 t.S.l 284~ 2 5'<23 l.O 23.0 65.6 2901 25021 l. 0 22.5 H.4 
2734 2~213 1.5 2io.l 64.~ .2790 25iol3 1.5 22.io 6J.l 211'<6 25423 1.5 23.0 60. 8 29:>2 25021 l.5 22.5 &1.1 
2735 25213 2.0 24.l 6.:1.'~ 2191 25"13 2.0 22.4 54.l 284 7 Z?lt23 2.0 23.:> ~5.6 2903 25021 2.0 22.5 &3.8 
2136 25213 2.5 24.l 57.4 2792 25iol3 Z.5 22." 5J.1 21148 2 5423 2.5 23 .o "9. 6 2904 25021 2.5 22.5 59.8 
27 37 252lJ 3.0 24.l 53.5 2193 25413 3.;) 22." lot • l 2849 25423 3.0 23 .o ..... 4 2905 2>021 3.0 22.5 5b.1 
2738 25213 3.5 24.l '>0. 3 2194 2'>413 3.5 U.4 4Z. l 2b50 2 5423 3.5 23.0 40. 4 2906 25021 3. 5 22.s 52.8 
2739 25213 4.0 24.l 47.2 2195 25'tl3 4.0 22.'t 3d .l 2851 25423 ".o 23.0 36.0 2907 25021 4.0 22.s 48.8 
27't•) 25213 4.5 24.l "". :> 2196 25iol3 't.5 22.'+ h.l 2852 2 51t2J 

"· 5 
23.0 30.0 2908 25021 4. 5 22.5 44.9 

2Hl 25213 5.0 24.l 40.5 2197 25413 5.J 22.4 n.1 2tl5l 25423 5.0 H.O 27.1> 2909 25021 5.0 ZZ.5 42. l 
2742 2~l l3 5.5 24 .1 3 7. 3 2198 25413 5.5 22 ... 2~. 9 2854 2542J 5.5 23.0 2~.4 2910 25021 5.5 22.5 39.8 

__, 
2743 2 5213 b.O 24.l 14.6 2199 25413 b.a 22.1o 2">. 1 265'> 25423 6.0 2).0 20.a 2911 25.:121 6.0 U.5 37.0 

__, 

1744 252 l3 10. 0 2't. l 16 • ., 2800 25413 10.il 22.~ lJ. l 2856 25423 10.0 23.0 8.'t 2912 25021 10.0 22.5 l 7. l °' 



Ot!S TRF AT TlltE DRHT K!:WB OBS TREAT TIME ORKT M:lln Gt!S TREAT TIME O~llT 14CW6 OBS TREAT TIHE ['RHT 

2'i l3 2SOL2 o.o 22.0 82.l 
29 l't 25012 o.s 22.0 12.0 
29 l 5 25012 1.0 22.0 bl.O 
29 lb 25()12 l.5 22.0 55.7 
29l 7 2SOlZ 2. () 22.0 t,9.i 
29 l 8 25:Jl2 Z.5 22.0 '<5.S 
2919 25ill2 l.:l 22.0 '<2.) 
2920 25:Jl2 1.s 22.0 JS.a 
2'12l 25012 4.0 22.0 33.l 
2922 25012 ".5 22.0 30.l 
2923 25)12 5.0 22.0 lb.'< 
2924 25012 S.5 22. 0 Zt.. 8 
2''75 25012 6.0 22.0 2 l. l 
2926 25()12 10.0 22.0 8.1 
2921 2 5011 o.o 22.0 82.4 
29211 25011 o.s 22.0 n.o 
2929 25Cll i.o 22.0 6 l.'o 
2930 2'.iCll l.5 22.0 58.5 
2931 2501 l 2.0 22.0 0.2 
2932 25011 2.s 22.0 42.9 
2933 25011 3.0 22.0 37.5 
293'< 25011 3.5 u.o )Z.b 
2935 25'.l l l 4.J 22.0 21.b 
2936 25011 4.5 22.0 21t.7 
2937 2 5Jl l 5.0 22.0 21.4 
2938 250ll 5.5 22. 0 19.4 
2939 2 5011 6.0 22.0 15.1 
29'o0 25011 10.0 ?2.() 4.2 

OBS is the observation number associated with a particular piece of data. 

TREAT is a five digit code where the lst digit is season number, 2nd is the replication 
number, 3rd is the roll number, 4th is the pass number and 5th is the feed rate 
number. 

TIME is given as hours of drying time in the partial drying oven. 

llCWB 

DRMT is the dry matter content on a weight basis of the original sample and is in grams. 

MCWB is the moisture content of the sample on a wet weight base at the time indicated. 

_.. 
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