




TABLE 14

AVERAGE PRODUCTION OF FOURTH OR LATER LACTATION COWS MEASURED

AS 305 DAY POUNDS OR MILK AVERAGE PER COW

Calved between January 20, 1977 and January 19, 1978
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NORTH (N)

lb. (n)
milk

Stratum

1.

2.

3.

4.

5.

6.

13415

12866

14100

13829

13246

13249

(109)

(152)

(131 )

(924)

(906 )

(1284)

SOUTH (S) N & S

lb. (n) lb. (n)
milk milk

13837 (155) 13663 (264)

14154 (154 ) 13514 (306)

13611 (154) 13836 (285)

13476 (575 ) 13694 (1499)

13903 (950) 13582 (1856)

13800 (1168) 13511 (2452)

Calved between October 18, 1978 and October 17, 1979

l. 13600 (138) 13369 (210 ) 13461 (348)

2. 11491 (179) 13992 (187 ) 12769 (366)

3. 14328 (138 ) 12984 (171) 13584 (309 )

4. 13570 (947) 13155 (653) 13401 (1600)

5. 13030 (1050) 13416 (1010) 13219 (2060)

6. 13396 (1279) 13761 (1143) 13568 (2422)

Calved between October 18, 1979 and October 16, 1980

l. 14624 (130 ) 14178 (188) 14360 (318)

2. 12027 (125) 12816 (171 ) 12483 (296)

3. 14565 (145) 12820 (190) 13575 (335)

4. 13690 (884 ) 13241 (674) 13496 (1558)

5. 13548 (1037) 13841 (869 ) 13682 (1906)

6. 13738 (1182) 13676 (1097 ) 13708 (2279)

n = number of cows



FIGURE 13. 305 day milk production for first lactation cows,
average per cow.
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FIG RE 14. 305 day milk production for second ~actation cows,
average per cow.
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FIGURE 15. 305 day milk production for third lactation cows,
average per cow.
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FIGURE 16. 305 day milk production for fourth and later
lactaction cows, average per cow.
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b) Herd Production Comparison by Strata

The following three analyses used herds which were on DHIA test in May,
1979 and remained on DHIA test as of September 19, 1982. These herds have had
at least 3 year histories of potential exposure to any power line effects.
Also it should be remembered that the composition of the herds will have
changed over this three year period in that some animals will have left the
herd and new animals will have joined from herd replacements within the herd
or outside purchases.

(i) DHIA Membership Attrition:

Table 15 shows the number of original dairy farms studied as of May, 1979
and their rate of attrition as of September 1982. In all strata, owner
samplers were likely to drop out at a rate 3 times that of supervisor
samplers. There was a statistically significant (p <.05) difference in the
rate at which the original farms in stratum 1 have remained in the DHIA
program. Obviously farmers leave the DHIA program for a number of reasons.
Attempts to determine these reasons could not have been made without
effectively violating the anonymity agreement with participants.

TABLE 15

NUMBER OF STUDIED FARMS REMAINING
ON THE DHIA PROGRAM AS OF SEPT. 1982

STRATUM NORTH SOUTH TOTAL % REMAINING

1 8 (2)* 9 (6) 17 ( 8) 68%

2 8 (1) 9 (1) 17 ( 2) 89%

3 7 (2) 10 (1) 17 (3) 89%

4 59 ( 9) 43 ( 8) 102 (1n 86%

5 66 ( 9) 55 (11) 121 ( 20) 86%

6 87 ( 9) 67 (13 ) 154 (22) 87%

235 (32) 193 (40) 428 (72) 86%

* numbers in parenthesis ( ) indicate farms discontinuing DHIA participation
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(ii) Rolling Herd Average Comparisons (May, 1979 vs
September, 1982)

Table 16 and figure 17 show the 12 month rolling herd averages (lbs. of
milk per cow) for 428 herds in May 1979 and for the same herds in September
1982. All herds had production increases over this time period and this was
typical for DHIA farms in Minnesota. The increases per cow for the 17 herds
in stratum 1 (978 1b) was higher than the mean increase for all strata (842
1b).

Table 17 contains the average herd size among these farms on May, 1979
and September, 1982. Overall it can be seen that apart from a slight decrease
in stratum 2 (north) the strata showed increases in milking cows per herd. It
is likely that the increase in stratum 1 was associated with the higher
attrition rate of DHIA members over this time period.
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TABLE 16

AVERAGE VALUES OF ROLLING HERD AVERAGE (LB. OF MILK, X)
FOR DHIA FARMS RETAINED IN SEPTEMBER 1982 COMPARED WITH

MAY 1979.

AS OF AS OF INCREMENT

MAY 1979 SEPT. 1982

X (n) X (n)

STRATUM NORTH NORTH NORTH

1 14700 (8) 15622 (8) 922

2 13038 (8) 13788 (8) 750

3 14772 (7) 15409 (7) 637

4 14398 (59) 15590 (59) 1192

5 14344 (66) 14794 (66) 450

6 14188 (87) 15047 (87) 859

SOUTH SOUTH SOUTH

1 15037 (9 ) 16065 (9 ) 1028

2 14769 (9 ) 15268 (9 ) 499

3 13846 (10) 14966 (10 ) 1120

4 14101 (43) 15024 (43) 923

5 14514 (55) 15125 (55) 611

6 14215 (67) 15236 (67) 1021

COMBINED COMBINED COMBINED

1 14878 (17) 15856 (17) 978

2 13954 (17) 14572 (17) 618

3 14227 (17) 15148 (17) 921

4 14264 (102) 15351 (102) 1087

5 14423 (121) 14944 (121 ) 521

6 14200 (154) 15129 (154 ) 929



16.0

FIGURE 17. Comparison of rolling herd average from 5/15/79
to 9/1/82. Average values per farm.

as of MAY 1979

as of SEPT 1982
15.5

15.0
~
...J--
~

.ci 14.5--
o
o
o
,... 14.0

13.5

o,
\
\,
, ,,"0.......
\
o"~ "'"-I ................

.1 I ...................II ...........0-_-------0

~

I· --

• •
0....--0

Ukl I I I I I I
I

VI
00

I

1;4 '/2 3 6
DISTANCE FROM POWERLINE, MILES

10



-59-

TABLE 17

AVERAGE HERD SIZE AMONG FARMS

RETAINED ON DHIA IN SEPT. 1982

COMPARED WITH MAY 1979

AS OF AS OF INCREMENT

MAY 1979 SEPT 1982

STRATUM NORTH NORTH NORTH

1 47.5 47.6 0.1

2 55.1 55 -0.1

3 45 48.7 3.7

4 44.6 51. 3 6.7

5 46 51. 7 5.7

6 42.8 48 5.2

SOUTH SOUTH SOUTH

1 43 51.1 8.1

2 50.2 51. 7 1.5

3 51. 8 54.0 2.2

4 44.6 49.0 4.4

5 47.5 48.9 1.4

6 46.2 51. 4 5.2



(iii) Comparisons of Milk Quality and Production Efficiency

To determine if there were any other obvious production problems
associated with proximity to the power line after more than three years
exposure, all herds remaining on test as of 9/1/82 from the original herds
were examined for current condition on three parameters:

(a) a measure of milk quality i.e. 12 month rolling herd average % fat.

(b) a measure of production efficiency i.e. 12 month rolling herd average
milk production per cow to grain ratio.

(c) a measure of health i.e. 12 month rolling average (%) of cows in the
herd showing a somatic milk cell count above the threshold value of
500,000 cells/mI. This is an optional test and approximately half
(217/428) of DHIA members used this measurement.

The results of these analyses are presented in Table 18. Although the
number of herds in strata 1, 2, and 3 were much smaller than in the remaining
strata, the overall conclusion was that in terms of milk quality, production
efficency and udder health, there did not appear to be any significant
variation by strata.

c) Conclusions

Both individual lactation records and herd averages indicated that the
dairymen remaining on DHIA in 1982 close to the power line were not
experiencing significant production changes that were not observable in herds
far from the power line.

C. REPRODUCTION ANALYSES

1. Intercalving Intervals

Tables 19 and 20 contain the average and median intercalving intervals
for animals calving during the three exposure periods grouped by strata and
direction from the power line. Data for the first intercalving interval
(table 19) are presented separately from the later intercalving intervals
(table 20). Figures 18, 19, 20 and 21 are graphs of these relationships,
drawn on an expanded scale so that the three time lines could be
distinguished. No significant association with proximity to the power line
was detected.

Table 21 and figures 22 and 23 show the percentage of intercalving
intervals that could be considered excessive i.e. greater than 500 days. An
intercalving interval of this length may be the result of a management
decision particularly if an animal is a high producer. Again there was no
significant differences in the percentages among the 6 strata.

Finally table 22 contains the average values of the DHIA calculated
intercalving intervals by strata for the 428 herds remaining on DHIA as of
September 1, 1982. Again there was no association with proximity to the power
line in these data, nor did they differ significantly from the Minnesota state
average i.e. 12.8 months.
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TABLE 18

STRATA AVERAGES OF GIVEN DHIA

HERD AVERAGE MEASURES ASSOCIATED WITH THE

QUALITY OF MILK PRODUCTION RECORDED ON

9/1/82 AMONG 428 RETAINED FARMS

Rolling Herd Rolling Herd
Average % Fat

Average Milk

To Grain Ratio lb/lb

STRATUM NORTH SOUTH NORTH SOUTH

1 3.63 3.77 2.90 3.00

2 3.66 3.67 2.54 2.82

3 3.83 3.80 3.25 3.61

4 3.68 3.70 2.81 2.85

5 3.73 3.69 2.94 2.97

6 3.69 3.68 3.11 2.85

ROLLING AVERAGE FOR THOSE HERDS

REQUESTING THE OPTION (N) OF THE PERCENTAGE

OF COWS SHOWING A SOMATIC MILK CELL COUNT

ABOVE THRESHOLD VALUE. (i.e. > 500,000 cells/ml)

ON 9/1/82

-61-

Rolling Herd Rolling Herd
Ave. % Numbers Ave. % Numbers

STRATUM X (n) X (n)

1 14.5 (4 ) 21. 7 (3 )

2 22.5 (2 ) 13.5 (4)

3 15.7 (6 ) 13.2 (6 )

4 15.4 (32) 19.9 (24)

5 16.9 (38) 19.3 (27)

6 18.4 (42) 22.0 (29)



TABLE 19

FIRST INTERCALVING INTERVAL

AVERAGE AND MEDIAN INTERCALVING

INTERVALS FROM FIRST TO SECOND CALF
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STRATUM

Calved Between Oct.
17, 1977 & Oct. 16,
1978

AVE. (n) Median

Calved Between August
14, 1979 & August 12,
1980

AVE. (n) Median

Calved Between Aug.
13, 1980 & Aug. 12,
1981

AVE. (n) Median

NORTH 1

2

3

4

5

6

394 (99) 367 391 (100) 377 395 (86) 387

391 (86) 375 389 (89) 366 391 (78) 374

375 (70) 365 382 (97) 368 402 (72) 372

381 (624) 368 391 (753 ) 372 388 (597 ) 374

392 (767 ) 372 398 (821 ) 378 384 (683) 368

382 (967) 370 390 (1018) 370 391 (789 ) 375

SOUTH 1 382 (133) 372 385 (138 ) 372 393 (117) 376

2 384 (107) 374 386 (113) 368 398 (88) 381

3 385 (160 ) 369 389 (145) 376 383 (117) 364

4 389 (411 ) 372 391 (540 ) 373 387 (367 ) 372

5 380 (658) 366 390 (698) 377 389 (543 ) 370

6 383 (754 ) 370 388 (857 ) 375 393 (626 ) 377

Combined

1 387 (232) 371 388 (238 ) 374 394 (203 ) 382

2 387 (193) 374 387 (202 ) 367 395 (166 ) 378

3 382 (230) 368 386 (242 ) 372 390 (189) 368

4 384 (1035) 370 391 (1293) 372 388 (964) 373

'5 386 (1425) 369 394 (1519) 378 386 (1226) 369

6 382 (1721) 370 389 (1875 ) 372 392 (1415) 376



TABLE 20

SECOND AND SUBSEQUENT INTERCALVING n,lTERVALS

AVERAGE AND MEDIAN INTERCALVING INTERVALS

FOR COWS HAVING A 3rd OR LATER CALF

-(1'3-

Calved Between Calved Between Calved Between
October 17, 1977 August 14, 1979 & August 13, 1980 &

& October 16, 1978 August 12, 1980 August 14, 1981

STRATUM AVE. (n) Median AVE. (n) Median AVE. (n) Median

NORTH 1 370 (188) 359 374 (205) 362 379 (168 ) 367

2 377 (182) 367 391 (217 ) 375 400 (167) 385

3 367 (177) 361 383 (217) 369 381 (161) 371

4 384 (1295) 371 386 (1445) 372 390 (1145) 373

5 390 (1467) 374 394 (1560) 375 388 (1290) 371

6 384 (1823) 369 387 (1979) 372 388 (1610) 374

SOUTH 1 382 (259 ) 366 399 (283 ) 382 393 (220) 378

2 386 (231 ) 372 393 (243) 379 386 (192 ) 374

3 386 (211 ) 365 383 (267 ) 368 383 (213) 366

4 382 (740 ) 371 387 (1090) 371 386 (850 ) 374

5 381 (1420) 368 387 (1417) 371 387 (1082) 372

6 386 (1598) 371 388 (1750) 378 392 (1336) 375

Combined
1 377 (447) 363 388 (488) 372 387 (388) 372

2 382 (413 ) 370 392 (460 ) 377 392 (359) 379

3 377 (388) 363 383 (484 ) 368 382 (374 ) 369

4 383 (2035) 370 386 (2535) 372 388 (1995) 373

5 386 (2887) 371 390 (2977) 373 388 (2372) 371

6 385 (3421) 370 387 (3729) 375 390 (2946) 374



FIGURE 18. Average intercalving interval per cow, for cows
having a second calf.

400

95% confidence bounds
for strata 1, 2, 3

•

95% confidence bounds
for strata 4, 5, 6

............... /6
.............. ",/

"'::.<.:....
'" '" ............0'"

P
~\

\ .......0 ..........

~----- ..............
~~

h /o~
' ..........Lj ./ ...............0, r '6__ 7'

.-~~ / ---___ ,""/ 1 12.8 Months
~ --~.'
~.
•

395

390

C/)

>-
<:( 385
o

380
YEAR PRIOR 10/17/78 • •

375

1st YEAR POST 10/17/78 0--0

2 ndYEA R POST 10/1 7/78 6---6

~ I I I I I I
Y4'/2 1 3 6 10

DISTANCE FROM POWERLINE, MILES

~
-+::>.

I



FIGURE 19. edian intercalving intervals for cows having a second calf.
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F E 20. erage intercalving i
a third or later cal
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FIGURE 21. Median intercalving interval for those cows having
a third or iater calf.
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TABLE 21

PERCENTAGE OF COWS HAVING INTERCALVING

INTERVAL GREATER THAN 500 DAYS

-68-

1st-2nd
calving interval

2nd-3rd and
later calvings intervals

Calving Between October 17, 1977 & October 16, 1978

STRATUM 1 6.5% 4.9%

2 6.2% 4.4%

3 3.9% 4.1%

4 5.1% 4.6%

5 6.9% 4.8%

6 5.2% 5.4%

Calving Between August 14, 1979 & August 12, 1980

STRATUM 1 8.2% 5.0%

2 6.6% 7.3%

3 4.3% 4.3%

4 7.8% 5.0%

5 7.3% 6.8%

6 6.3% 5.7%

Calving Between August 13, 1980 & August 12, 1981

STRATUM 1 6.9% 5.2%

2 8.4% 6.4%

3 7.9% 2.7%

4 4.3% 5.2%

5 5.9% 5.4%

6 6.9% 6.1%



FIGURE 22. Percentage of first intercalving intervals greater
than 500 days.
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FIGURE 23. Percentage of second or later intercalf intervals
greater than 500 days.
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TABLE 22

STRATA AVERAGES OF THE CALCULATED

INTERCALFING INTERVAL FOR HERDS

ON DHIA ON SEPT. 1, 1982

Intercalving Interval in Months

STRATUM NORTH SOUTH

1 12.9 12.9

2 12.8 12.8

3 12.8 12.5

4 12.8 12.9

5 12.9 13.1

6 13.0 12.9
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2. Abortions

Table 23 data contains the percentage of abortions in all lactation
records and as a percentage of abnormally ending lactation records. Two
groups of lactations were defined - those which ended prior to energizing of
the power line and those which began after energizing of the power line. In
the latter group only animals starting lactations after April 5, 1979 were
included so that the cow was bred and carrying a fetus well after the time the
power line was in more or less continuous use. Comparisons were also made
between first lactation (second gestation) 'and second or later lactations
(third or later gestations). In this analysis strata 1 and 2 combined were
compared to stratum 6. In first lactation cows there were no significant
differences between these strata in the rate of abortion. The rate of
abortion in older cows was lower but this is to be expected as a result of
culling animals for reproductive reasons. In the older cows the strata 1 and
2 near the power line showed a significantly lower abortion rate in the year
following energizing of the line than did the control stratum 6.
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TABLE 23

OCCURRENCE OF ABORTIONS RECORDED AS

THE DHIA CODE ENDING A LACTATION RECORD

FIRST LACTATIONS (2nd

Cows calving between Dec.
21, 1976 & Dec. 21, 1977

estation)

Cows calving between April
5, 1979 & April 4, 1980

Strata Stratum 6 Strata Stratum 6
Number of 1 & 2 1 & 2
Lactation Records

651 2448 611 2301
Number of Lactations
Ending Abnormally

137 651 161 518
Number of Recorded
Abortion Codes

7 29 7 21
Abortions as a % of
Lactation Records

1.1% 1. 2% 1.1% 0.9%
Abortions as a % of
Abnormal Records

4.5% 4.3% 4.1%5.1%

SECOND OR LATER LACTATIONS (3rd or later Gestations)

Number of
Lactation Records

1392 5414 1442 5648

Number of Lactations
Ending Abnormally

482 1882 474 1884

Number of Recorded
Abortion Codes

9 45 1 36

Abortions as a % of
Lactations Records

0.6% 0.8% 0.1% 0.6%

Abortions as a % of
Abnormal Records

1. 9% 2.4% 0.2% 1. 9%



3. Culling of Animals for Reproductive Problems

Data on all stated reasons for culling animals from herds are treated in
the following section of the report. Animals that were specifically culled
for reproductive problems (at least as identified by the farmer) are listed in
table 24 for both strata 1 and 2 combined and stratum 6 for 2 time periods ­
pre-exposure (calved between December 21, 1976 and December 21, 1977) and
post-exposure (calved between May 5, 1979 and May 4, 1980). Stratum 6 was
utilized as a control population for this portion of the study and animals in
strata 1 and 2 were combined to accumulate an adequate number of units for
statistical analysis. Once again there were no significant differences in the
rate of culling animals among herds close to the power line as opposed to the
farthest stratum nor were there any significant differences in these rates
between pre-exposure and post-exposure to the power line environment.

Table 24

Animals Sold Off for Reproductive Problems
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Calved between December 21, 1976
and December 21, 1977

Calved between May 5, 1979
and May 4, 1980

Strata 1 & 2 Stratum 6 Strata 1 & 2 Stratum 6

First Lactation Animals

n (%)

28 (20.4)

n

119

(%)

(21.4)

n

30

n

87

(%)

(16.8)

Second and- Later Lactations

133 (27.6) 403 ( 21.4) 107 (22.6) 365 (19.4)



D. ANALYSES OF REASONS FOR LEAVING THE DAIRY HERD

Tables 25 and 26 contain data by stratum and line direction for both
first lactation animals and second and subsequent lactation animals that
terminated that particular lactation "abnormally". Two groups of lactations
were compared, those ending prior to energizing of the line and those ending
after the line had been in use for some time (i.e. between May 5, 1979 and May
4, 1980).

Overall the proportions were remarkably constant over the two time
periods and no obvious differences by strata or line direction were apparent.
The percentage of "abnormal" endings for first lactation animals was 25% and
approximately 34% for later lactations. These results are consistent with
state-wide DHIA data. Figures 24 and 25 also suggest that these percentages
are quite consistent across the 6 strata. With the exception of the rarely
occurring abortion and the sale of dried off cows the numbers in tables 26 and
27 can be regarded as "culling rates". It can be concluded from these data
that the culling rates were nearly constant across strata and over time.

The lower culling rate following the first lactation is to be expected.
Younger animals have potential for better production even if their first
lactation production was below expectations. The overall culling rate is
usually regarded as being related to calving success. A producer with a large
number of heifers entering the herd has more opportunity to remove older
animals. Thus a high culling rate as defined in these tables may well be an
indicator of "success" as well as an indicator of many cows with problems
necessitating their removal from the herd.

-75-



'fABLE 25

DISTRIBUTION OF ABNOill1AL TEill1INATION
OF RECORDS FOR COWS IN FIRST LACTATION
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STRATUM NORTH SOUTH COMBINED

Abnormal # of % Abnormal # of % Abnormal # of %
records Records records Records records Records

Calving date Between Dec. 21, 1976 and Dec. 21, 1977

1 37 136 27.2 39 183 21. 3 76 319 23.8

2 23 104 22.1 43 138 31. 2 66 242 27.3

3 32 120 26.7 46 192 23.5 78 312 25.0

4 225 969 23.2 168 643 26.1 393 1612 24.4

5 250 1047 23.8 237 954 24.8 487 2001 24.3

6 334 1320 25.3 317 1128 28.1 651 2448 26.6

Calving date Between May 5, 1979 and May 4, 1980

1 36 137 26.3 39 177 22.0 75 314 23.9

2 29 127 22.8 57 170 33.5 86 297 29.0

3 31 112 27.7 31 168 18.5 62 280 22.1

4 282 1021 27.6 178 673 26.4 460 1694 27.2

5 267 1100 24.3 220 870 25.3 487 1970 24.7

6 285 1251 22.8 233 1050 22.2 518 2301 22.5



TABLE 26

DISTRIBUTION OF ABNORMAL TEID1INATION OF
RECORDS FOR COWS IN SECOND OR LA'I'ER LACTATION
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STRATUM NORTH SOUTH COMBINED

Abnormal # of % Abnormal :fI: of % Abnormal # of %
records Records records Records records Records

Calving date Between Dec. 21, 1976 and Dec. 21, 1977

1 100 285 35.1 157 436 36.0 257 721 35.6

2 119 326 36.5 106 345 30.7 225 671 33.5

3 104 309 33.6 112 355 31. 5 216 664 32.5

4 743 2057 36.1 462 1315 35.1 1205 3372 35.7

5 727 2240 32.5 724 2144 33.8 1451 4384 33.1

6 1037 2900 35.8 846 2514 33.7 1883 5414 34.8

Calving date Between May 5, 1979 and May 4, 1980

11 110 322 34.2 135 420 32.1 245 742 33.0

2 105 332 31. 6 124 368 33.7 229 700 32.7

3 94 297 31. 6 146 413 35.4 240 710 33.8

4 769 2244 34.3 536 1623 33.0 1305 3867 33.7

5 815 2450 33.3 730 2098 34.8 1545 4548 34.0

6 1044 3048 34.3 840 2600 32.3 1884 5648 33.4



FIGURE 24. Rates of occurance of first lactations having "'abnormal·
ending codes.

45
e e

40
CALVING BETWEEN
665 TO 300 DAYS PRIOR TO 10/17/78

0--0

CALVING BETWEEN
200 TO 565 DAYS POST 10/17/78

35

Io
1\ -'- 0I"- / _
II ~ / ~ -.;---- 0I \e- / -e
~ \ /

~/

25

I­
Z
W
() 30
0:
W
a..

20

I
-..l

~

~4~2 3 6
DISTANCE FROM POWERLINE, MILES

10



FIGURE 25. Rates of occurance of second and higher later lactations
ending in 'li\abnormal" codes.
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Reasons given by farmers for removing animals are presented by strata,
both before and after energizing of the power line are given in tables 27 and
28. There were statistically significant differences in the distribution of
reasons given when farms in strata 1 and 2 were compared to those producers in
stratum 6. A some what puzzling difference lies in the fact that producers in
stratum 6 were reporting more animals (16.0% and 16.6%) under code 9 (no
reason given) in 1979-80 compared to 3.7% and 9.5% by the' producers in strata
1 and 2.

The proportion of animals reported as dying (code #6) by strata and over
time appeared to be relatively constant. After the power line was fully
energized more first lactation animals in strata 1 and 2 were sold off due to
injury or disease (24.2% vs 15.4%). There was a suggestion that producers in
the inner strata (1 and 2) sold a higher proportion (15.5% vs 10.2%) of first
lactation animals for dairy use to other producers. There was no obvious
differences in the number of animals culled for mastitis problems. A higher
rate of culling for older animals (13-15%) was to be expected as compared to
1st lactation animals (i.e. 5-10%).
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TABLE 27

DISTRIBUTION OF ABNORMAL ENDING
LACTATIONS BY REASON FOR FIRST LACTATION ONLY

Calved between Dec. 21, 1976
and Dec. 21, 1977

Calved between May 5, 1979
and May 4, 1980

Strata 1 & 2 Stratum 6 Strata 1 & 2 Stratum 6

Code*

2

3

4

5

6

7

8

9

n

17

45

28

21

7

7

7

5

(% )

(12.4)

(32.8)

(20.4)

(15.3)

(5. 1)

(5.1)

(5. 1)

(3. 6)

n

75

183

139

108

39

45

29

33

(%)

(11.5)

(28.1)

(21.4)

(16.6)

(6. 0)

(6.9)

(4. 5)

(5.1)

Code

2

3

4

5

6

7

8

9

n

25

32

30

39

9

13

7

6

(% )

(15.5)

(19.9)

(18.6)

(24.2)

( 5 • 6 )

(8. 1)

( 4. 3)

(3. 7 )

n

53

113

87

80

30

51

21

83

(% )

(10.2)

(21.8)

(16.8)

(15.4)

(5. 8 )

(9. 8 )

(4. 1)

(16.0)

2
X = 2.4 N.S.

2
X = 23. 5 (P<. 01)

*Code 2 = Sold for Dairy Use

3 = Sold off for low production

4 = Sold off for reproductive problems

5 = Sold off due to injury or disease

6 = Died

7 = Udder problems

8 = Aborted

9 = Reason not given



TABLE 28

DISTRIBUTION OF ABNORMAL ENDING
LACTATION BY REASON FOR SECOND AND

LATER LACTATIONS
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Calved between Dec. 21, 1976 Calved between May 5, 1979
and Dec. 21, 1977 and May 4, 1980

Strata 1 & 2 Stratum 6 Strata 1 & 2 Stratum 6

Code'< n (%) n (%) Code n (% ) n (% )

2 26 (5.4) 120 (6.4) 2 43 (9.1) 100 (5.3)

3 106 (22.0) 472 (25.1) 3 89 (18.8) 358 (19.0)

4 133 (27.6) 403 (21.4) 4 107 (22.6) 365 (19.4)

5 74 (15.4) 314 (16.7) 5 91 (19.2) 315 (16.7)

6 38 (7. 9 ) 134 (7.1) 6 35 (7.4) 113 (6.0)

7 76 (15.8) 259 (13.8) 7 63 (13.3) 285 (15.1)

8 9 (1. 9) 45 (2.4) 8 1 (0.2) 36 (1. 9)

9 20 (4 .1) 136 (7 . 2 ) 9 45 (9.5) 312 (16.6)

2
16.4 (p<.Ol)

2
=33.7 (p<.Ol)X ::::: X

*Code 2 ::::: Sold for Dairy Use

3 ::::: Sold off for low production

4 ::::: Sold off for reproduction problems

5 ::::: Sold off due to injury or disease

6 ::::: Died

7 = Udder problems

8 ::::: Aborted

9 ::::: Reason not given



V. SUMMARY CONCLUSIONS

This study utilized historical records of the DHIA data base in an
attempt to determine if any significant associations could be detected between
proximity to the +/-400 kV dc power line and various parameters associated
with milk production, reproduction and stated reasons for removal of animals
from dairy herds. In this study distance from the power line (measured to the
nearest 1/4 mile) was used as a proxy for potential exposure to air ions and
electric fields which otherwise could only be measured by on-farm monitoring.
six strata (0-1/4, 1/4-1/2, 1/2-1, 1-3, 3-6, 6-10 miles) were defined: the
outermost stratum was considered to be non-exposed and herds in this stratum
were used as a control group for some comparisons.

Permission was obtained to use the stored records from 516 farms in the
Minnesota counties traversed by the line. Analyses were conducted over 4 time
periods; (1) prior to energizing of the line on October 17, 1978; (2) from
October 17, 1978 to May 15, 1979 when the line was in operation approximately
6% of the time; (3) from May 15, 1979 to September 3, 1979 when the line was
in operation approximately 71% of the time and (4) after September 3, 1979
when the line was essentially in continuous use. It was determined that there
were sufficient numbers of animals and thus records, in all strata so that
changes could be detected.

No significant effects on individual cow milk production could be
detected either during lactations or between lactations at any of the 3 dates
of interest. Herds on the 'official' plan (i.e. supervisor tested) were
compared with those on the 'unofficial' plan (i.e. owner tested) and no
significant differences were found. For the purposes of the study it appeared
legitimate not to distinguish these 2 subpopulations.

Herd production increases as denoted by rolling herd averages were
determined for 428 herds from May 1979 to September 1982. The herds in the
inner stratum showed slightly higher increases than the average for all strata
over this time period. However 32% of the herds in stratum 1 discontinued
DHIA membership over this period compared with an average of 12.5% for the
other 5 strata. Determination of the reasons for this disparity in attrition
rates would require personal interviews with the herd owners thus violating
the anoymity agreement and this was beyond the scope of this study.

Herds on test during September 1982 did not show any significant
differences across strata in milk quality (as measured by % fat), and
production efficiency (as measured by milk production per cow to grain ratio).
Based on a much more limited data base udder health (as measured by % of cows
with elevated somatic milk cell counts) showed no difference across strata.

Analyses of reproductive efficiency as measured by the mean and median
intercalving intervals over 3 time periods did not appear to differ
significantly by strata, nor was there any evidence of greater frequency of
excessively long (>500 day) intercalving intervals in the inner strata as
compared to the outermost stratum. No increases in the rate of recorded
abortions over the time periods were detected which could be associated with
proximity to the line. Nor did it appear that more animals were sold because
of reproductive failure in the inner (1 and 2) strata herds as opposed to the
outer (6) stratum.
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Overall the rate of culling or removing animals from the herds for
whatever reasons did not appear to differ between strata land 2 and stratum
6. There did appear to be a clear excess of animals culled in stratum 6 during
1979~80 under the heading 'no reason given' but the reasons for this was not
clear. After the power line was energized, more 1st lactation animals in
strata land 2 were reported sold because of injuries or disease than in
strata 6. However, it was also observed that more 1st lactation animals were
sold for dairy use from stratum 1. The data used in these comparisons was
collected primarily in the years 1978, 1979 and early 1980. Some of the high
strata 1 attrition observed as of September 1982 would have begun to occur in
late 1979 but its potential for distoring these comparisons between strata is
believed to be limited.

The failure to detect significant changes in production, reproduction and
reasons for culling animals from the herd that could be associated with
proximity to the power line and thus indirectly exposure to air ions or
electric fields could be the result of two situations. Either there were no
effects produced or that the techniques used or parameters used for these
analyses were insufficiently sensitive or inappropriate to detect any effects.
Theoretically it is possible that perhaps only a very few farmsteads in the
innermost strata might be effectively exposed to ions or fields. Any
resolution of this issue is well beyond the scope of this study.

The factors involved in the significantly lower retention rate of DHIA
membership in stratum I could not be investigated in the present study without
effectively violating the anonymity agreement with participants. This is a
subject of some concern, however, and probably should be the subject of a
separate investigation.

In both the inner and outer strata it is possible to locate a small
proportion of farmsteads having serious difficulties as measured by either
production decreases or reproductive problems or both. It was observed that
some farms both near and far from the line had excellent production increases
and current production over the time frame studied. A further study could
perhaps be usefully undertaken to determine the reasons for any past or
current problems in a sam~le of farms both near to and far from the line.

The data used in this study were collected for DHIA purposes and not as
part of a planned experiment designed to test for power line effects. It,
therefore, does not necessarily contain the most useful measures to test for
power line effects. The investigators do however believe that the data
utilized from the DHIA records was both informative and unbiased and supports
the stated conclusions.

The DHIA data base was also subject to th~ possible influence of, as yet
not well understood, factors which might confound some aspects of the present
analyses. The search for the effects of confounding factors has expended the
resources of present study, but should not necessarily be viewed as
exhaustive. It is difficult to agree on when this point is reached and there
is nothing in our present understanding of the problem which suggest such
factors could be found, but further work could usefully be done.
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APPENDIX I

Intraclass Coefficients* (R2) of Herd Variable

to Total Variability for Various Parameters+

Parameter

-89-

pounds of milk
percent fat
packed cell volume
hemoglobin
red cell count
mean corpuscular hemoglobin
mean corpuscular volume
mean corpuscular hemoglobin concentration
white cell count

lymphocytes
total neutrophils
eos inophils
basophils
monocytes

glucose
blood urea nitrogen
cholesterol
sodium
chloride
magnesium
calcium
phosphorus
potassium
alkaline phosphatase
total serum protein

albumin
globulin

SGOT
CPK

13 .8
8.5

23.7
22.1
25.4
44.2
39.0
23.0
26.2
18.1
18.1
10.8
7.1

22.8
54.2
60.0
23.3
44.0
26.9
39.1
40.3
40.3
26.5
28.4
19.3
43.4
21.8
38.5
53.0

between herd's sum
For example, for
= 50562.6313 and
the total

*Intraclass coefficients or R2 are defined as the ratio of
of squares to the total sum of squares for that parameter.
BUN, herd sum of square = 30360.62 and sum of squares total
the ratio is 0.60. This is interpreted as sixty percent of
variability in BUN being attributable to the herd variable.

+Data obtained from Metabolic Profile Testing Program of 38 Holstein herds and
1508 animals. Supported by the Minnesota Agricultural Experiment Station
Grant No. MN 20-047.



APPENDIX II

Example of DHIA Herd Summary
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WIND ROSES

Based on 10 Recent Years
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Return this fonn (please type) with appropriate attachments to: Committee on the Use
of Human Subjects in Research, 5th Floor, AdmSvCtr, 1919 Universi.ty Ave.) St. Paul, N:-l

55104
METHODOLOGICAL PROTOCOL REQUEST FOR APPROVAL FOR:I

This study is covered under the Methodological Protocol listed below:

#1: Questionnaires---

#2: Interviews

#3: Observational Research---

_X=-_#4: Secondary Use of Data

____#5: Archival

Investigator/
Project Director-Drs. D.R. Sorensen & R. A. Robinson=="'-----

373-3890 or
Phone Number373-ll24-------

Project Title StatisticaU Epidemiologic Study of Bovine Performance Associated With
CPA/UPA High Voltage DC Power Line in West Central Minnesota.

Depar tmen t----.C.o] 1 e.ge 0 f Ve tel' ina DL--k~Ie~d,-,i"-,c=l,,,-!'n~e",- _

Mailing Address 301 Veterina.r:y3cience BU1",,-'=.l:o=.d-",i-",n"",g~ _

Inclusive Dates of Project---.Jilne 15 - December 31, 1982'-- _

Subject Population: Age Range Adults._-------- Number of Subjects Unknown

How are subjects chosen (classes, referral, canvassing, etc" be specific)?

From computerized lists of Dairy Herd Improvement (DHI) Association members in
counties of Western Minnesota.

ABSTRACT (Clearly state the purpose of the study in \.Thich human suhjects \o]ill be
involved. Specify what will be done to or for the subjects or participants, as
applicable to the relevant ~Iethodological Protocol. USE BACK Of PAGE IF NECESSARY.)

Appro::d..!uately 700 dairy farmers in Western and Central Ninnesota \vill be sent
explanatory letters and release forms to obtain their permission to use their
archival DHI records. This is a prerequisite to a statistical study of the
effects/association of the high voltage DC (UPA/CPA) power line that crosses
farms in 11 Hinnesota counties. In the accomp'll1ying letter and form farmers
are guarranteed that nO individual identification oE their farm data will be
possible from the final report.

NOTE: If this research is to be supported by external funding, tile Board of Reg2uts'
Policy" requin~s that a Hequest for Approval for Individual Protocols be completed.
P]eaSf:' call the COnlIn.Lttee Office (J7J-9895) for further Inforlnation.

-OVER-
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-/()~ Q..-

NOTE: A LOpy of the consent form/statement and supporting information (e.g., proposed
interview schedule, questionnaire, approval from officials, etc.) as applicable to the
relevant Hethodological Protocol under which this study is to be conducted must be
attached. NO RESEARCH MAY BEGIN UNTIL YOU HAVE RECEIVED A POSTCARD FROM THIS OFFICE
INDICATING APPROVAL.

I hereby certify that I will adhere to the guidelines as described in the Methodological
Protocol. I understand that no contact with subjects may begin until I receive approval

Ej2I:::office. t -/6 _p._

Signature of Principal Investigator Date

If student research, the application must be signed by the Faculty Advisor.

Signature of Faculty Advisor

If required by department:

---_._-------------------------
Signature of Department Chairman

Date

Date

for Approval was received in
, and has been administra­

as within the guidelines of the

10/78

FOR CO~L\nTTE

RE: Methodological Protocol # _4 __

Dear Dr. Robinson:

Your Methodological Protocol Request
the Committee office on 6/14/82
tively approved on 6/14/82
referenced Methodological Protocol.

I would like to remind you that it is the responsi~ility of the
investigator to bring to the attention of the Commlttee any proposed
change in the project or any emergent problems that will affect
human subjects.
On behalf of the Committee, I wish you luck with your research.

Anne Munro
Executive Secretary to the
Committee on the Use of Human
Subjects in Research

------- -- -------r----



APPENDIX VI

Powerline Description

The Cooperative Power Association (CPA)jUnited Power Association (UPA)
+ 400 kV dc powerline connects the Coal Creek electric generating plant
near Underwood, North Dakota with the Dickinson converter station in
Wright County near Rockford, Minnesota. Coal Creek is a two unit
lignite minemouth plant capable of generating 1060 megawatts (MW) of
power. CPA has 594 MW of that capacity and UPA has 466 MW.

The powerline is 437 miles long, with 176 miles passing through eight
rural counties of west central Minnesota (Figure 1). The ownership of
the Minnesota portion of the line was transferred by CPAjUPA to the
United States of America acting through the administrator of the Rural
Electrification Administration in September 1980. At the same time the
powerline was leased back to CPAjUPA for the purpose of operating and
managing it.

The powerline is bipolar, direct current (dc), and normally operates at
+ 400 kilovolts (kV). Each of the two pole conductors is made up of a
pair of subconductors, each of which is made up of 47 strands of alumi­
num wire (for low electrical resistivity) wound over 7 strands of steel
wire (for mechanical strength). The subconductor's outside diameter is
3.82 cm (1.504 in.) and the distance between subconductor centers is
45.7 cm (18 in.). The distance between conductors is 12.2 meters (40
feet).

Two, 1.27 cm (0.5 in.) diameter, stranded, galvanized steel, shield
wires are suspended above the pole conductors for lightning protection.

The conductors are supported by steel lattice towers at approximately
one quarter mile intervals (400 meters). The minimum ground clearance
of the conductors is 15.2 meters (50 ft.) in Minnesota and 10.7 meters
(35 ft.) in North Dakota. The actual midspan clearance varies a meter
or more above the minimum depending on ambient temperature, line
current, and ice loading. The height of the conductors at the support
towers in Minnesota is typically 30 meters (100 ft.).

The powerline control system regulates line voltage to within 0.625%
of + 397.5 kV at the North Dakota terminal. At any other point on the
line, the voltage will be reduced by the voltage drop between that point
and the North Dakota terminal. Since the line resistance is approxi­
mately 14 ohms per pole, the voltage at the Minnesota terminal can vary
from

(397.5 kV) x 1.00625 - (14 ohms) x (125 Amperes) = 398 kV

at minimum load, to

(397.5 kV) x 0.99375 (14 ohms) x (1500 Amperes) = 374 kV

under overload conditions.
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A reduced voltage (+300 kV) operating mode is available for use under
h",,','/'n',,"1 conditions-such as when the line insulation has not completely

f i1 but cannot withstand full voltage. This permits limited power
transmission to continue until repairs can be made.

The power1ine is normally operated in the bipolar mode, that is, with
current travelling from one converter station to the other through the
conductor energized at +400 kV with respect to ground, and returning

rough the conductor energized at -400 kV. The powerline is capable of
transmitting up to one-half rated power through one conductor when the
o is disabled. During such monopolar operation, current carried by
the operating conductor is returned either through the earth using
ground elecrodes near each converter station (Ilground return") or

rough the de~energized conductor (" metallic return"). Because monopo­
lar operation is less efficient and reliable than bipolar operation, it
i used primarily for maintainance or repair procedures.

ac/dc conversion process results in the generation of current har­
monics on the ac side and voltage harmonics on the dc side of each con­
verter. The characteristic dc side harmonics occurs at multiples of 12
t mes the 60 cycles/second (Hz) fundamental frequency (e.g. 720 Hz,
1440 Hz, etc.). Other harmonics are also present, but at much lower

itudes. Since the harmonic frequencies are in the audible range,
can result in interference if coupled into telephone and other com­

munications networks. For this reason, smoothing reactors and filters
are included at each converter station to greatly attenuate the ampli­

of the harmonics on the HVDe line.

example, at rated operating conditions, the characteristic de
va'! harmonics generated by the converters are calculated to be:
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Frequency

(Hz)
720

1440
2160

Harmonic Voltage

(kV)
26.6
12.6
8.3

em'''rl1"~'<ing reactors and fi Hers reduce the harmoni cs to:

(Hz)
720

1440
2160

_~rmoni ~ _'01 tage

(kV)
3.2
0.97
0.65

resulting from the harmonics are small compared to
c eld. For example, the maximum ground level electric
ng from the harmonic voltages given above with a

earance are:



Frequency

(Hz)
720

1440
2160

Electric Field

(kV/m)
0.077
0.022
0.016
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Fluctuations in the dc electric field resulting from space charge
distribution variations are usually many times greater than the fields
due to harmonic voltages.

The total electric field, ion current, and ion concentration varies con­
siderably with meteorologic conditions. The Minnesota Department of
Health and the Minnesota Environmental Quality Board have monitoring
programs to determine total electric field, ion current, and small ion
concentration both within the right of way and outside the right of way.

Preliminary results indicate that within the right of way the maximum
electric fields at ground level can exceed +30 kilovolts (kV) per meter
(m) with an average value at 12 meters from-the centerline of 10-15
kV/m. Ion current can exceed 70 nanoamperes per square meter with an
average value at 12 meters of 10 nA/m2. The ground level small ion con­
centration can exceed 50,000 ions per cubic centimeter (cm3).

Outside the right of way, small ion concentrations and electric fields
are enhanced on the downwind side of the line. At one quarter mile the
half hour averages of the small ion concentration and of the electric
field· can vary from 100 to 4,000 ions/cm3 and from 0.5 to 4 kV/m,
respectively.

The magnetic field resulting from the powerline under normal operating
conditions is static and can be calculated. Figure 2 shows the calcu­
lated ground level magnetic field profile during bipolar operation at an
overload current of 1,500 amperes.
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figure 2. Calculated ground level magnetic field profile (1500 amperes bipolar)



APPENDIX VII

Synopsis of Proposed- Phase II Study

If significant associations were shown between production, reproduction and
culling of adult animals in the DHIA data based study, a second study was
proposed to examine these associations in greater detail. This would attempt
to document and measure all aspects of recognizable diseases and its effect on
livestock production on farms both exposed and non-exposed to the power line.
Specifically this would examine:

incidence, prevalence, geographic and seasonal patterns of specific
diseases.

morbidity and mortality.

reproduction.

reasons for and rates of disposal of cull animals.

cause(s) of inadequate production.

non-specific disease syndromes.

management.

ability of herds to respond to improved management, nutritional or
disease control programs and meet specific goals.

An alternative prospective study could also be considered in which selected
farms identified in the DHIA study as having problems would be examined in
detail to determine if recognized agents or explanations could account for
these problems. Both exposed and non-exposed farms would be included in such
a study. Any Phase II study would not be anonymous as was the present study.
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Appendix VIII
I
I

Name

Address

Town

State

UNIVERSITY OF MINNESOTA
TWIN CITIES

Herd Code Number

Zip

Department of Large Animal Clinical Sciences
College of Veterinary Medicine
C339 Veterinary Hospitals
1352 Boyd Avenue
S1. Paul, Minnesota 55108

(612) 373·1810

(Computer Generated Label)

We are writing to ask your assistance in a study being done by the College of
Veterinary }wdicine, to investigate any changes in the overall performance of dairy
cattle herds near the recently constructed and energized CPA/UPA DC power line that
crosses western and central Minnesota. This work will be based on a detailed
analysis of Dairy Herd Improvement (DRI) Association records. To en~ure success
of this study, it is crucial that we obtain permission to make use of individual
records from as many qualifying DRI herds located within 10 miles either side of
the line as possible.

This study, which is being done for the Minnesota Environmental Quality Board,
will only make use of DRI records of Holstein dairy herds that date back to 1978,
before the line was first energized;. to determine if there were any changes in
performance in 1978 or in subsequent years. Specifically; we intend to look at
lactation and production records of individual cows, rolling herd averages before
and after the line was operating, and reported reasons for culling from these
herds. This will be a statistical study that is limited to data previously on
record, but it may reveal whether further in depth studies of effects on livestock
as related to the power line should be undertaken.

Because of your farm location, and the herd sampling before and after the
charging of the power line, your previously computerized records do qualify for
inclusion in this study. Your County Extension Agency or your local veterinarian
are familiar with this study and can answer most questions that you have. In
addition, please feel free to contact Dr. Ashley Robinson at the College of
Veterinary Medicine (address above) or call him collect at (612) 373-1124 for
more information.

If you are willing to allow us to make use of the applicable portions of those
archival DHI records (without further solicitation), please then check the box(es},
sign, and send back to us by return mail the attached release form in the pre­
addressed envelope.

Thanking you in advance for your cooperation.

SinCerelY'.tI!'
6/()/~

D. K. Sorensen
Associate Dean
College of Veterinary Medicine
University of Minnesota

/; ?J,; 7h~ 9­

J~ v;.' ~~d~T-
Extension Dairyman - DRI
University of Minnesota

HEALTH SCIENCEs



UNIVERSITY OF MItmESOTA
Twin Cities

Release Form

Department of Large Animal Clinical
Sciences

College of Veterinary Medicine
C339 Veterinary Hospitals
1352 Boyd Avenue
St. Paul, MN 55108
(612) 373-1810
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o

o

I hereby give permission to the College of Veterinary Medicine,
University of ~tlnnesota to utilize my DHI records for a study
of the effects of the CPA/UPA High Voltage DC Power Line on
dairy cattle performance. I understand that confidentiality
will be maintained, and that no individual identification from
my coded records will be made in the statistical report to
the Minnesota Environmental Quality Board.

(Computer Generated Label)

Signed. _

Please check this box if you wou1d.like a summary copy of the
final report of the study at the end of 1982. .'

Room for commen~s:




