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Crop and Soil Responses

5 F.N. Swader
A. Introduction

This report covers the third year of a project (Soil and Water Man¥
agement for Increased Crop Production in Northern New York, Hatch 498)
designed to reflect the effects of.drainage on crop yields. The project is
comprised of fields 3I-1, 3I-2, 4-2 and a field at Lake Alice. The general
locafions are ghown in Fig, 1.
The Lake_Alicé site is managed as a control treatment both with re-
spect to intensive cropping (and drainage imprévemenﬁ) and.witﬁ réspect to
an optimum cropﬁing gystem (without drainage improvement). Tﬁe yield

subplots and soils are shown in Fig. 2.

The west half of thé area constituteé the control for the drainage
treatments,'and is éropped (as much as possible) like field 3I-1. In 1979
corn was planted late due to field wetness.

The east half is considered as a control for a traditiopal (non-
intensive, non-drained) situation. The area is currently being managed and

harvested as a "native meadow" with a wide variety of grass and sedge

species present. It had no tillage operations for at least 15 years. The
grass is harvested as hay, and this is the first year for harvest to be

recorded as subplots.

Field 3I-1 is a comparison of sub-surface drainage éystems with'two
~drain spacingé (50 and 100 feet) in 4 distinct séil_types. The field plan
and plot locations are.shown in Figures 3 and 4~7.

_Fiéld 31-2 is a éomparison of surface drainage treatments, as indicated

in Fig. 8.
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B, Crop Management and Yields
Lake_Alice (corn) :

Tillage: spring chiseled and disced 2 times

Pesticides: Furadan 1 #/A,

Aatrex 2 #/A

Fertilizer: 0-0-60 - 50 #/A Broadcast .

7" band over row

13-52-0 - 150 #/A Banded at Planting

32-0-0 - 313 #/A Sidedress and cultivated

Planting: Pioneer 3958 @ 32,000 K/A; June 21.

Harvested: Only yield plots were harvested (Sept,

Yields:

17) . %

Table 1, Corn silage yields, (70% moisture),‘Lake Alice, 1979

Soil: Swanton fine sandy loam
Plot No: 1

Corn silage yield T/A 14,96

Soil: Rhinebeck silty clay loam
Plot No: 5

Corn silage yield T/A 17,47

Soil: Covington silty clay loam

Plot No: ' 9

Corn silage yield T/A 19.21

2

14.94

15.77

10

18.03

15.26

15.28

11

17.17

12.96

14,52

12

17.97

10

Me an

14.53

Mean

15,76

Mean

18.10

Table la.  Corn grain yields, Lake Alice, 1979

There were no corn grain yields at this site.
(June 21) there was no harvestable grain on the corn plants.

Because of the late planting

¥Because of the very wet field situation, it was Judged that the field
could not be succegsfully harvested with field machinery until the soil

was frozen. The soil was not suffliciently frozen until early January
The corn was not harvested for silage. '
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Lake Alice {(meadow):

Tillage: mnone
Pesticides: .none

Fertilizer: 34~0-0 150 #/A broadcast

Planfing: none
Harvested: 7/2/79 baled hay

Yields:

Table 2. Hay yields, (15% moisture), Lake Alice, 1979

Soil: Niagara Silt Loam

Plot No: 1 2 3 4 - Mean
Hay yield T/A 2.48 1.28 1.92 - 1.35 . 1.76
%Z legume in hay _ 5 10 10 10 8.75

Soil: Madalin Silty Clay Loam -

Plot No: "5 6 7 8 Mean
Hay vields T/A 1428 1.60 1.86 . 1.40 154
% legume in hay 10, 10 5 1w - 8.75

Soil: Covington silty clay loam
Plot No: 9 10 11 12 Me an

Hay yield T/A 1.25 1.68 - 1.20 0.61 1.04

% legume in hay 10 5 5 5 6.25




Field 3I-1
Tillage: spring éhisel pldwed and disced once
Pesticides: TFuradan 1 #/A baﬁded over row
Aatrex 2 #/A

Fertilizer: 0-0-60. 50 #/A broadcast

Planting; Pioneer 3958 @ 32,000 K/A; April 1k.
13-52-0 150 #/A banded at planting
32-0-0 313 #/A sidedressed' 

Harvesied: 9/20/79 for silage

Yields:

A. - 50 foot drain spacing

12

Table 3. Mean Silage Yields, T/A (70% moisture), Field 3I-1, 1979

Treatménﬂé
1/ wos o | '
Plot Area— Soil A ' B
_A2 ' Swanton fsl 21.43b93/ 23.5%
B, Madalin siel . 20.831)-_(:‘-:1 20.72b¢d
c, Rhinebeck sicl 19.1¢¢ - 18.39
DZ ' Covington sicl 20.4de 22.1abc

1 . .
L See plot location maps (Figures 4-7).

~ Treatments ave distances (in feet) from the drain line: A

25, C = 0.

C

21 .3abced

21,p3bcd

abed

20.6

22.2%P

0, B =

— Means superscripted by the same letter are not significantly different
at P = 0,05 (Duncan's Multiple Range Test). Comparisons may be made

both horizontélly and vertically,
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Table 4. Mean Grain Yield, Bu/A (I5% moisture), Field 3I-1, 1979

Treatment-3
: 1/ . : ' R
Plot Area— - Soil A , B _ C
. ab
A, Swanton fsl 58.5° 72.82 66.12
B, Madalin sicl 61.0%P 58.9” 60.62>
‘ ' ab
c, Rhinebeck sicl 57.7° 55.5° 65.1°
D2 ' Covington sicl . 64.4ab 60.5ab : 65.2ab
Y See plot location maps (Figures 4-7)..

2/

2 Treatments are distances (in feet) from the drain line: A =0, B= . -
25, C = 0. :

3/ Méans superscripted‘by the same letter are not significantly different
at P = 0.05 (Duncan's Multiple Range Test). Comparisons mdy be made
both horizontally and vertically.

B. 100 foot drain spacing:

Table 5, Mean Silage Yields, T/A (70% moisture), Field 3I-1, 1979

Treatment%
' 1/ .
Plot Area~ Soil . A B C D E
Al Swanton fsl 22.6abc 21.2bc - - -
B, Madalin sicl = 25.2% 23.8% 2367 22.1%¢ 512"
C, Rhinebeck sicl  20.6%°  20.8%®  20.8%"  19.8 25.2%
D, Covington sicl  20.2%°  20.2%®  20.8%° 21.2% 20.4°0
L/ . )
~' See plot location maps (Figures 4-7).
2/

2! Treatments are distances (in feet) from the drain line: A = 0, B =
25, C = 50, D = 25, E = 0,

Means superscripted by the same letter are not significantly different
at P = 0.05 (Duncan's Multiple Range Test). Comparisons may be made
both horizentally and vertically.



14

Table 6. Mean Grain Yields, Bu/A (15% moisture), Field 3I-1, 1979

Plot Area—

Treatmené%

L sonn s B c D E
Swanton fsl | 6'7.2ade 61.7Cd - - -
Madalin sicl 76,95 74,12 74.4% 7067 72.2%P¢
Rhinebeck sicl 65.1°°0 64,870 g4 1P g3.9P%d 96,97
COvipgton stel  59.80  57.0% 60.1° 62.2°¢ 64,470

See plot location maps (Figures 4-7).

Treatments are distances (in feet) from the drain line: A =0, B =
25, ¢ =50, b =25, E = 0.

Means superscripted by the same letter are not significantly different
at P = 0,05 (Duncan's Multiple Range Test). Comparisons may be made
both horizontally and vertically. '

Field 4-2.

Tillage: Fall chisel plow and disced 2 times
Pesticides: none
Fertilizefs: 5-20-20 - 200 #/A Broadcast before planting
| 0-20-20 - 200 #/A Broadcast after Ist cut

Planting: 8# Arlington red clover

6# Climax tiﬁothy

48#‘Garfy Oats

all band seeded with grain drill, press wheels and

cuitipackéd.

Hafvested: 7/18 for haylage

Yields: ©No data.
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Field 3I~2 .~
lTillage: spring chisel ploﬁed_and disced oﬁCE
Pesticideé; 'fhradan 1 #/A band 6ver Yow
Fertilizer: 0-0-60 50 #/A broadcast
13~52—0 150 #/A banded at planting
32-0-0" 313 #/A sidedressed and cultivated
flanting: Pioneer 3953 @ 32,000 K/A; May 15~17.(lAslB,2A,2BwMéy 153

_ _ 34,38 ~ May 17).
Harvest: 9/17 & 9/24 . (Wetness delayed harvest).

Yields:

Table 7. Corn silage,T/A (707 moisture), Field 31-2, 1979.

Soils: hinebeck | Swanton ' Niagara ~ [lIMadalin | Rhinebeck
COH It
Swanton Swanton | Madalin

adalin Madalin |Madalin | RhinebeckjiWhately | Whately

Plot No. 1A 1B 2A 2B 3A 3B
Drainage . Smoothed and
Treatmen Smoothed Graded Smoothed

T/ 20.2 18.1 16.0 1 12,2 17.0 13.0
(70% moisture) '

Total 1979 silage production: 290 tons (70%moisture)
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C. Yield Responses to Drainage

Lake Alice:

.These plots are maintained as a control to the drainage treatments on
Field 3I-1 (see Tablé 1). The delayed planting (June 21) contrasts sharply
with the drained fielda, which ﬁere planted 5 weeks eariier. |
| Field 3I-1:

- 50-foot spacing: there were very few differences in yield as a func-
tion of distance frdm the Arain. .This essentially repéats the response
observed with Sudangrass in 1977 and corn in 1978 (see Agronomy Mimeo.78—21
and 80;36).

100-foot spacing: few yield response differenées were noted,

Field 4-2:

This field was half seeded with red clover, timothy, and ocats, and
corn in a manner which precluded comparisons with other fields in the

experiment.,

Field 31-2:

The yield data were collected only on a subfield_basis {gsee Table T,

page 15), and have not been statistically analyzed.
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D, Discussion

The general level of silage yields was very higﬁ, and probably merks
. 1979, with 1978, as an exceptional year for corﬁ silage. Coen grain yields
- were low; possibly due.to.a lack of adequate rain in June and July inter-
fering with grain formation. Rainfall was beiow.the long term mean (LTM)
‘as indicated in Figure 9; "The rainfall for May and October approximated
the LTM for those 2 months; 2.6 and 2.6 actual inches, respectively, vs.
2.7 and 2.6 inches (LT™) , resﬁectively. Rainfall in August and September
- was about 2 inches more than LTM for each month, while very little rain
fell in June_and July (Table 8). |

Since drainage is a method of removing excess soil water, one would
expect reduced responses to drainage in a drier than normal seasoe (when
little or no excess water.occurs).

The mean yields of grain and silage in field 31-1, over all soil_types
were:

50 foot spacing: Grainr62.2 Bu/Aj Silage 21.0 T/A

100 foot spacing: Grain 66;8 Bu/A; Silage 21.7 T/A

Clearly, there were no substantial differences attributable to tile
_.spacings in 1979. The grain yields were considerably lower than in 1978
(64 bu/A 2§_160+ bufA), even though the silage yieids were similar (21+
tons/A in 1979 vs 22 tons/A in 1978). This difference in grain yield may
be due to differences in growing season rainfell. in 1978, there was 6.3
inches of rain in Juﬁe and July, compared with only 1.8 inches in June anﬁ
July 1979, | |

Cemparing yield levels for 1978 and 1979 in field 3I-1 (table 9), it
is clear that the 1979 grain yields were much lower than in 1978, while the

silage yields decreased only a little.
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. Rainfall and Evaporation, Miner Institute, 1979
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Table 9. Corn ylelds, field 31-1

Year Grain, bu/fA Silage, tons/A
1978 159 22,2
1979 65 21.4

The differences in ylelds are likely to be due to differences in
s0il moisture during the growing season. In 1978, May rainfall was 1.3
inches below normal, while June rainfall was 1.2 inches above normal,
50 the corn entered July with no great deficit of soil moisture; July

1978 had 2.1 inches of rain (cowpared to a usuval 3.2), most of which

came in 3 major rains (0.47 inches on July 17, 0.46 inches on July 22
and 0.46 inches on July 24). There should have been no serious short-
age of soil moisture when pollination occurred (pollination is the

. crucial time for adequate soil moisture).



By'contrast, tbe 1979 season was much drier, with 0.4 inches in
June (compared to a usual 3.5 inches), which should have resulted in
a serious lack of soil moisture; compoundéd by only 1.4 inches in
.July which increased the shortage of soil moisturé during the.critical
pollination period (from July 24 to July 31, 1979).

Like.1978, it is interesting te note that, in field Siml, there
were éimilar yileld levels in the poorly drained, fine textured Covington
"soils, which normally show limifed responses to subsurface drainage. The
mean yields for Covington soils‘were:

_56 foot spacing: Gréin 63.4 Bu/A; Silage 21.6 T/A
100 foot spacing: Grain 60.7 Bu/A; Silage 20;6 T/A

While the drier-than—nqrmal season prevents observations about the
‘relative effectivenesé of the tile spapings, the data illustrate the
productivity of Covington soils when excess soil water does not limit
plant growth.

A éomparison of the corn silage yields of fieid 31-1 with Lake Alice‘
should éﬁow the benefit of draining poorly-drainéd.soil. This bénefit is
not oniy due to the effect of growing érops in a;beﬁter aerated medium buf
alsé due to a longer growing season on the drained sites since plan;ing

corn is delayed due. to wetness on the undrained sites,

.Table 10. Silage yields on similar soils, Lake Alice and Field 31-1_

Corn Silage Yield, toms/acre

Soil ' Lake Alice . Field 3I-1
Swantou fsl ' ©14.5 B 22,0
Rhinebeck sicl o 15.8 . ‘ 20.7‘

Covington sicl ' 18.1 _ ' 21,0
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E. WATER LEVELS AND TILE DISCHARGE

1. METHODS

In addition to crop yield data, the influences of drainage on the
levels of water in the soil were monitored, by installing pcrforafed

plastic pipes in the soil, The pipe locations are shown in fipure 10.

Twelve pipes were installed in fiecld 3I-1, between tile lines #5 and
#8, and six were installed between tile lines 2 and 3 (see figure 10).-
. The depth to the water surface was measured intensively from April 19

through June 30, and less frequently thereafter. The data are shown in

Appendix B.

Six pipes were'installed at the Lake Alice site (Fipure 2), and
similarly monitored. These provide a non-drained comparison for wany of

the soils which occur in field 3I-2.  The data are shown in Appendix C.

Water table pipes were also installed in field 31-2 at distances of L,

30 and 45 feet upslope from a subsurface drain which is located at the

boundary of 31-2 and the adjacent pasture to the west, and in locations in
field 3I-4 which are located where the subsurface drain would have been if
it were extended to the north, and 30 feet on either side of such an ex-~

tensicn.  These data are shown in Appendix D and E, respectively.:

The discharge from some tile limes (#3,:6, 9, and 12) were measured at
times, to ascertain whether ifhere were differences in the rate of flow,
which might be related to soil differences. These data are shown in Appendix

F. The data were gathered by catching the outflow for a specific period of

time, measuring it, and calculating the flow in gallons per minute (g.p.m.).
It should be noted that these are instantancous data, and may not accur-—
ately represent tile flow for any entire day, or perhaps even a significant

portion of a day. Continuous data have not been obtained.

2. Data.

The field data are shown in Appendices B, C, D, and E (pages - Y.
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3. Discussion

The daily rainfall and evaporation for the summer months are shown
in table 8 (page 18), an& in graphié form in figure 9 (page 19). Rain-
fall was just about notrmal in May, well below the LTM in June and July,
and well above the LTM in August ahd September.

The data in figure 1%} indicate that, even af a distance of 50 feet
from the tile drain, water table levgls were lower in a drained Cdving;oﬁ
soii than in a non-drained one; The earliest conceivable data that the
non-drained Covington could have been safely planted would have been
Méy 24, while the draihéd Covington had a consistently lower water
table for a whole monthlearlier.-

Figure 12 indiéated that the differences in the depths to a water
table were even greater in the Madalin soil, but that the drainage had
a greater effect on lowering the water table.

Figure 13 shows the late summer/early fall response on Coviﬁgton
soils; figure 14 shows these responées on Médalin soils.

These daté indicaté that, on either soil, it would have been very
wet, and very difficult to harvest corn on September 7. But on the drained
soils, the watef'table-répidly dropped to near 2 feét bf Sept 13, an&
again by September 27. On the non-drained soils, the.wétér table was high
.enough to be within the plow layer continuously after Sept. 7, making harveéf
extremely difficult.

In these comparisons, drainage would have been the major factor in a

successful crop harvest.
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Figurés 15 and 16 show the effect of thé tile drains on water table
levels (depth below.the surface) and elevation (depths with respect to one
another) in Coyington and Kingsbury soils. These data indicate that, since
the water table pipes are nearly identical in their ground glevations, the
2 sets of data may be used interchangeaﬁly.

The data indicate that for the period from April 19 to May 24, the
water table depth at.a distance of 1 foot from the tile line ranged from 1.6
to 2.2 feet; During the same pefiod, the range in depths to water table at a
distance of 50 feet from a tile line ranged from l;ZIto 2.5 feet.

One‘unexpeéted observation is:thag the water.tabie.elevations in tubes
78/3 and 78/18; (botﬁ of which are 50 feet from é tile) are lower than water
tables in the tubes which are about 35 feet from a tile.

‘SBuch anomalies may be explained during the 1980 investigations.

The'tile diséharge dafa are ghown in Appendix F. Some selected data are
also shown in figure 19, These data were collected by measuring the tile flow
for a miﬁute or less, once a‘week. They'give_some comparisdn of_instantanéous
flow rates, making it possible to say, for instance, that the meaéured dis—_'
charge from tile #6 was consistently greater than that from tile #9, and was
usually slightly greatef than that from tile #12 during the spring.

Sinée tiles #6 and #12 were installed at 100 foot spacings, and #9 at a
50 foot ‘spacing, the differences in flow are not ﬁnexpected. These data dd
not-allow comparisons: of total discharges,‘whicﬁ should also . be consistently
greater for tiles #6 and #12, since they drain a greater s0il volume than
does either #3 or #9. Whether the rile dischargés reflect differences in soils
distribﬁtion along the tilelline cannot be ascertained from these data.

Information about the rates of tile discharge over a period of several
days would be hélpful in determining the relative effectiveness of the tile

* drains, and the influence of soils on such effectiveness.
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APPENDIX A

CORN YIELDS - MINER INSTITUTE 1979

FIELD 31I-1
PLOT TREATMENT ' GRAIN YIELD SILAGE YIELD
(Spacing, Feet) - (Bu/A @ 15%) . (T/A @ 70%)

a1 0 o 63.26 o 21.84
2 25 . 55.16 18.62
3 - .0 _ 67.24 ' 24,03
o 25 o 60.16 21.24
s . 0 6446  20.65
6 25 ' 67.60 23.46
7 | 0 ' . 73.77 : 23.91
8 | _ 25 : 63.98 21,51
A, 9 0 - 69.44 | 233
10 ‘ 25 C 68.96 22.78
1 o 63.07 22.01
12 0 a _ 70.79 23.59
13 25 82.95 2447
14 0 , . 66.59 20.34
15 - 0 | 50.46 o 20.09
16 25 | | 72.48 23.71
17 0 ' 71.57 22.04
18 | 0 4321 | 18.60
19 25 - 66.75 22.96

20 0 ©63.20 20.91
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_P LOT TREATMEKT GRAIN YIELD . STLAGE YIELD
| (Spacing, Feet) (Bu/A @ 15%) (T/A @ 70%)
D, 21 0 60.55 21.41
22 25 67,77 22,66
23 0 66.99 23.01
24 0 63.26 - 21.66
25 . | 25 | 71.28 | 20,30
26 0 82.76 2671
27 - 0 75.87 22.96
28 25 69.36 22,55
29 | 3 0 _ 82.23 23.39
130 . o - 78.73 23.76
31 25 89.54 28,84
32 0 ’ 79.16, . 25.95
D, 33 | 0 | %6.84 28.04
34 ' 25 o 75.13 23.73
35 . 50 67.92 20.09
36 25 74.71 . 23.63
(21) 0 (60.55) - (21.41)
37 0 |  73.68 | o 23.72
38 25 | 64.58 20.82
39 50 6179 19.53
40 25 - 70.88 20.72
(24) ' 0 (63.26) (21.66)
41 0 44,76 17.14

42 25 53.84 18.78
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PLOT TREATMENT GRAIN YIELD SILAGE YIELD
| (Spacing,- Feet) | (Bu/A @ 15%) (T/A @ 70%)
43 50 - 48.96 17475
4 25 | 72.75 23.81
(27) 0 | , (75.87) (22.96)
45 I 0 | 66.66 22,54
46 | 25 65.61 22.06
47 50 . 62.45 20.57
48 - 25 54,31 20.66
(30) B 0 ' (78.73) : (23.76)
B, 49 - 0 | 58.64 . 21.20
50 | 25 64,00 | 21.62
51 0o | 60.83 - 20.61
52 0 69.17 ' 23.14
53 25 ' C 72,15 R 22.89
54 | o 75.41 25.02
55 0 63.23 21.12
56 25 | 69.20 20.76
57 o 60.55 21,41
58 - 0 56;47 _ : 18.20
59 25 55.31 19.07
60 - 0 66 .84 20.82
L6l | 0 | 61.14 19.30
62 25 . 82.76 26,71

63 50  65.40 20.75
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PLOT | TREATMENT GRAIN YTELD STLAGE YIELD
| (Spacing, Feet) (Bu/4a @ 15%) (T/A @ 70%)
64 | 25 69.05 20.74
65 0 62.98 20.53
66 | 0 60.65 19.42
67 25 89.54 . 28.84
68 50 | 66.32 20.36
69 N 25 59.56 18.19

70 0 - 63.17 20465
71 0 64.79 19.73
72 25 74.71 23.63
73 | 50 59.90 - 19.90
74 | 25 52,74 17.43
75 0 o 72.15 22.89
76 0 71.60 - 21,08
77 25 47.27 | 16.78
78 : 50 56.47 ' 18.20
79 25 | | 41.40: 15,9
80 . 2 0 57.10 18.74
c, 97 - 0 | 59.67 19,44
98 25 | . 66.44 | 21.73
(81) ' 0 (65.40) " (20.75)
100 0 | 58.59 20.95
101 25 51.81 19.03
(85) 0 ; (59.22) T (19.36)

163 0 ' - 61,52 21.84



PLOT

104
(89
106
107

(93)

81
82
83
84
(61)
85
86
87

88

(66)

89
90
91

92

@1

93
94
95

- 96

(76)

.TREATMENT

(Spacing, Feet)

25
0
0

25

25
50

.25

25
50

25

25
50

25

25
50

25

GRAIN YIELD

(Bu/A @ 15%)

68.61
(62.87)
59.46

66.41

(67.10)

65.40
$57.95
64.79
66.32
(61.14)
59.22
50,23
61.41
53.82
(60.65)
62.87

59.29

67.85

62.71
(64.79)

64.10

63.49

62.19
58.20

(71.60)

34._ :

SILAGE YIELb

(T/A @ 70%)
-20.88
(19.98)
21;81
21.60

(23f22)

20.75
19.53
20.56
20,36

(19.30)
19.36
19.04
22.49
18.16

(19.42)
19,98
20.72
21.95

21.08

(19.73)

. 23.22
19.98
16.86
20.57

(21.08)
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APPENDIX B
WATER TABLE ELEVATIONS - MINER INSTITUTE, 1979
FIELD 3I-l

WATER TABLE PIPES

A ‘ B C

Water Feet - Water Feet Water Feet
Table Below Table Below Table Below

. Calendar Julian Elevation - Ground Elevation Ground Elevation Ground

Date Date (feet) Surface (feet) Surface {feet) Surface
4/12. 102 171,2 2.5 —— ice 173.1 0.7
4/19 109 - 171.2 2.5 - ice 171.4 2.4
4126 116 171.4 2.3 171.3 2.3 171.2 2.6
-5/3 123 171.6 2.1 171.5 2.1 171.4 2.4
5/10 - 130 171.1 2,6 171.0 2.6 171.2 2.6
5/17 137 171.1 2.6 170.9° 2.7 171.2 “2.6
5/24 - 144 171.1 2,6 170.9 2.7 171.1 2,7
5/31 151 S 171.1 2.4 170.9 2.7 171.2 2.6
6/7 158 . 171.0 2.7 170.9 2.7 171.2 2.6
6/14 165 171.0 2.7 : 170.8 2.8 171.1 - 2.7
6/21 7z 171.0 2.7 - 170.8 2.8 171.0 2.8
6/28 179 ©171.0 2.7 170.5 3.1 170.8 3.0
7/5 186 170.9 2.8 170.4 3.2 170.6 3.2
7/12 193 i70.9 2.8 170.4 3.2 170.3 3.5
7/19 200 170.7 3.0 170.4 3.2 < 169,7 > 4.1
7/26 207 - < 170.3 > 3.4 170.4 3.2 < 169.7 > 4.1
3/2 214 < 170.3 5 3.4 170.4 3.2 < 169.7 » 4.1
8/9 221 < 170.3 > 3.4 170.4 3.2 < 169.7 > 4.1
8/16 228 < 170.3 > 3.4 170.4 3.2 < 169.7 > 4.1
. 8723 235 170.9 2.8 170.4 3.2 170,2 3.6
8/30 242 i71.1 2.6 170.6 2.8 171.0 2.8
a/7 249 i71.2 2.5 -171.0 2.6 170.6 3.2
9/13 255 171.1 2.6 170.9 2.7 171.7 2.1
9/20 262 ' 171.1 2.6 171.0 2.6 171.4 2.4
9/27 269 171.1 2.6 170.9 2.7 171.2 2.6
10/4 276 171.1 2.6 170.8 2.8 171.2 2.6
. 10/10. 282 ) 171.1 2.6 170.9 2.7 171.2 2.6
1'10/18 - 290 171.1 2.6 - 171.0 2.6 171.2 - 2.6
10/25 297 171.1 2.6 171.0 2.6 171.4 2.4
11/1 , 304 171.2 2.5 171.0 2.6 171.2 2.6
11/8 311 171.2 2.5 170.9 2.7 171.3 2.5
11/15 318 171.0 2.7 170.9 2.7 171.3 2.5
11/21 324 171.0 2.7 170.9 2.7 171.2 2.6
2.5 2.5 2.3

11/29 332 - 171.2 i71.1 171.5
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APPENDIX B ‘ '
WATER TABLE ELEVATIONS — MINER INSTITUTE, 1979

FIELD 3I-1

WATER TABLE PIPES

D . E F

Water: Feet Water Feet Water Feet
: Table Below Table Below Table Below
- Calendar  Julian Elevation Ground Elevation Ground Elevation Ground
Date Date - {feet) Surface (feet) Surface (feet) Surface

4/12 102 173.0 0.6 173.5 0 173.5 0
4/19 109 171.3 2.3 171.4 2.1 171.6 1.9
4126 116 171.0 2.6 171.0 2.5 171.0 2.5
5/3 - 123 171.4 2.2 171.2 2.3 " 171.3 2.2
5/10 130 171.2 2.4 171.2 2.3 171.4 2.1
5/17 137 171.1 2.5 171.1 2.4 171.3 2.2
5/24 144 _ 171.1 2.5 171.0 2.5 171.1 2.4
5/31 151 171 .4 2.2 171.7 1.8 171.9 1.6
6/7 158 171.2 2.4 171.1 2,4 171.3 2.2
6/14 165 171.0 2.6 171.0 2.5 170.5 3.0
©6/21 172 170.9 2,7 170.8 2,7 171.1 2.4
6/28 179 170.8 2.8 170.4 3.1 171.0 2.5
7/5 - 186 170.8 2.8 170.4 3.1 170.9 2.6

S 7/12 193 170.7 2.9 170.2 3.3 170.8 2.7
7/19 200 . 170.3 3.3 169.7 3.8 170.7- 2.8
7726 207 170.2 3.4 < 169.4 > 4.1 < 170.0 > 3.5
8/2 ' 214 170.1 3.5 < 169.4 > 4.1 < 170.0 > 3.5
8/9 221 - 170.1 3.5 < 169.4 > 4.1 170.9 2.6
8/16 228 170.1 3.5 < 169.4 » 4.1 170.6 2.9
8/23 235 170.1 3.5 < 169.4 > 4.1 170.6 2.9
8/30 242 171.4 2,2 171.1 2.4 . 172.5 1.0
9/7 249 172.2 0.4 173.3 0.2 . 173.5 0
- 9/13 255 173.2 0.4 170.4 3.1 171.7 1.8
9/20 262 ) 171.7 1.9 171.2 2.3 172.7 0.8
9/27 269 171.3 2.3 171.4 2.1 171.6 1.9
10/4 276 171.1 2.5 171.3 2.2 171 .4 2.1
10/10 282 171.7 1.9 171.8 1.7 171.7 1.8
10/18 290 171.7 1.9 171.5 2.0 171.8 1.7
10/25 297 171.6 2.0 171.9 1.6 172.1 1.4
11/1 304 171.3 2.3 171.5 2.0 171.8 1.7
11/8 311 171.4 2.2 171.7 1.8 171.9 1.6
11/15 318 171 .4 2.2 S 171.7 1.8 171 .8 1.7
11/21 324 171.2 2.4 - 171.4 2.1 171.6 1.9
11/29 332 171 .8 1.8 171.4 1.1 172.9 0.6
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APPENDIX C

WATER TABLE ELEVATIONS — MINER INSTITUTE, 1979
LAKE ALICE

WATER TABLE PIPES

LAWT-1 ‘ ' LAWT-2 . LAWT-3
Water Feet Water Feet Water Feet
_ Table Below _ Table - Below Table Below
Calendar Julian Elevation Ground: Elevation Ground Elevation Ground
Nate . Date (feet) Surface {(feet) Surface (feet) . Surface
412 102 361.8 0 36l.7 0.1 361.9 0.1
4/19 109 361.5 0.3 361.7 0.1~ 361.5 0.5
&4f26 116 361.6 0.2 361.6 0.2 361.6 0.4
573 123 361.4 0.4 361.5 0.3 361.4 0.6
- 5f10 130 360.5 1.3 360.6 1.2 360.8 . 1.2
5/17 137 359.9 1.9 360.5 1.3 360.6 - 1.4
5/24 l44 < 359.0 > 2.8 359.6 2.2 360.0 . 2.0
5/31 151 361.5 0.3 361.6 0.2 361.5 0.5
6/7 158 - 359.7 2.1 360.0 1.8 360.2 - 1.8
" 6/l4- 165 < 359.0 > 2.8 359.8 2,0 360.0 2.0
6/21 172 < 359,0 > 2.8 359.7 z.1 360.0 2.0
6/28 179 < 359.0 > 2.8 359.6 2,2 < 259.3 > 2.7
7/5 - 186 < 359,0 - > 2.8 < 359.0 = 2.8 < 259.3 > 2.7
7/12 193 < 359.0 > 2.8 < 359.0 > 2.8 < 259.3 > 2.7
7/19 200 < 359.0 > 2.8 < 359.0 > 2.8 < 259.3 > 2.7
7/26 207 < 359.0 > 2.8 < 359.0 > 2.8 < 259.3 > 2.7
8/2 214 < 359.0 > 2.8 < 359.0 > 2.8 < 259.3 » 2.7
8/9 221 < 359.0 2.8 < 359.0 > 2.8 < 259.3 > 2.7
8/16 228 < 359.0 2.8 < 359.0 > 2.8 < 259.3 > 247
8/23 235 < 359.0 2.8 < 359.0 > 2.8 < 259.3 = 2.7
8/30 242 < 359.,0 2.8 < 359.0 > 2.8 < 259.3 > 2.7
9/7 249 "361.8 0.0 ©361.8 _ 361.8 0.2
9/13 255 . 360.3 1.5 360.6 1.2 360.9 . 1.1
9/20 262 361.8 0.0 361.8 0 361.7 0.3
9/27 269 ~ 360.6 1.2 360.8 - 1.0 361.0 1,0
10/4 276 360.4 0 l.4 360.5 1.3 360.7 1.3
10/10 282 361.7 0.1 361.8 0 361.9 0.1
10/138 290 36l.4 0.4 . 361.8 0 36l,6° 0.4
10/25 . 297 361.8 361.8 0 361.9 0.1
11/1 304 361.5 0.3 - 36l.5 0.3 361.6 0.4
11/8 311 361.8 0 361.8 -0 361.8 0.2
11/15 318 - - 361.8 0 _ 361.7 0.3
11/21 324 361.5 0.3 361.5 _ 0.3 361.6 0.4
36l.8 0 361.9 0.1

11/29 332 361.8

o
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APPENDIX C
WATER TABLE ELEVATIONS -~ MINER INSTITUTE,. 1979
LAKE ALICE
WATER TABLE PIPES ;
LAWT~4 ‘ LAWT =5 LAWT~6

Water Feet Water ~ Feet Water Feet

. . Table Below Table Below Table Below
: Calendar Julian Elevation Ground Elevation Ground Elevation  Ground

" Date Date (feet) Surface (feet) Surface (feet) Surface

4412 : 102 361.7 0.1 -_ ice - ice

4/19 109 360.9 0.9 C—— ice - 361.1 0

4726 116 361.8 _ 0 . 362.2 4] 361,1 0

5/3 123 361.8 0.0 362.0 - 0.2 361.1 0
5/10 130 3611 0.7 361.4 0.8 360.9 0.2
5/17 © 137 361.0 0.8 361.4 0.8 360.7 0.4

© 5724 la4 360,2 1.6 360.8 1.4 359.6 0.5

©5/31 151 361.8 0 362.2 0 361.1 0
6/7 - 158 360.5 1.3 361.0 1.2 360.2 0.9
6/14 165 _ 360.4 1.4 360.8 l.4 360.2 -~ 0.9
6/21 172 359.9 1.9 360.4 1.8 < 358.7 > 2.4
6/28 179 359.8 2.0 '360.2 2.0 359.2 1.9
7/5 186 < 359.3 > 2.5 360.3 1.9 < 358.7 > 2.4
7/12 193 < 359.3 > 2.5 360.3 1.9 <. 358.7 > 2.4
7/19 - 200 < 359.3 > 2.5 < 359.7 > 2.5 < 358.7 > 2.4
7/26 207 < 359.3 > 2.5 < 359.7 > 2.5 < 358.7 > 2.4
8/2 214 < 359.3 > 2.5 < 359.,7 > 2.5 < 358.7 > 2.4
8/9 221 < 359.3 > 2.5 < 359.7 > 2,5 < 358.7 > 2,4
8/16 228 < 359.3 > 2.5 < 359.,7 > 2.5 < 358.7 > 244
8/23 235 < 359.3 > 2.5 360,2 2.0 < 358.7 > 2.4
8/30 . 242 359.8 2.0 360.2 2.0 < 358,7 2.4

9/7 249 © 361.8 0 362.2 0 361.1 0
9/13 = - 255 361.0 0.8 361.5 0.7 - 360.8 0.3

9/20 262 361.8 0 362,2 0 36l1.1 0
9/27 269 361.3 0.5 361.8 0.4 360.9 0.2
10/4 276 _ 36l.1 0.7 -361.7 0.5 360.5 0.6

10/10 - 282 361.8 0 362.2 0 - 361.1 0

10/18 290 ' 361.8 -0 362.2 0 361.1 -0

10725 - 297 361.8 0 362.2 0 361.1 )

11/1 304 361,8 0 362.2 0 36l.1 0

11/8 31t 361.8 0 362.2 8] 361.1 0

11/15 : 318 361.8 0 362.2 C 36l1.1 0

11/21 324 361.8 0 362.2 0 361.1 0

11/29 332 361.8 0 362.2 0 361.1 0
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_APPENDIX D _
WATER TABLE ELEVATIONS - MINER INSTITUTE, 1979

FIELD 3I-2
WATER TABLE PIPES
1 ‘ 2 3
Water Feet Water "~ Feet Water Feet
Table Below Table © Below Table Below
Calendar Julian Elevation Ground Elevation Ground Elevation Ground
Date Date (feet) Surface (feet) - Surface (feet) Surface
4/12 102 182.4 1 181.5 0.8 170.3 1.7
4719 109 < 181.2 1.2 180.5 > 1.8 170.3 1.7
4726 116 < 180.6 > 1.8 < 179.9 > 2.4 170.3- 1.7
5/3 123 < 180.6 > 1.8 < 179.9 > 2.4 170.2 1.8
5/10 130 < 180.6 > 1.8 < 179.9 > 2.4 169.9 2.1
5/17 137 < 180.6. > 1.8 < 179.9 > 2.4 169.9 2.1
5/24 144 < 180.6 > 1.8 < 179.9 > 2.4 169.8 2.2
5/31 151 < 180.6 > 1.8 < 179.9 > 2.4 170.4 1.6
6/7 158 <180.6 - > 1.8 < 179.9 > 2.4 169.9 2.1
- 6/14 165 < 180.6 > 1.8 < 179.9 > 2.4 169.8 C 2.2
6/21 172 < 180.6 > 1.8 < 179.9 > 2.4 169,8 2.2
- 6/28 179 < 180.6 > 1.8 < 179.9 > 2.4 169.9 2.1
7/5 186 < 180.6 > 1.8 < 179.9 > 2.4 < 169.3 > 2.7
7/12 193 < 180.6 > 1.8 < 179.9 > 2.4 < 169.3 e 2.7
7/19 200 < 180.6 > 1,8 < 179.9 > 2.4 < 169.3 > 2.7
7/26 207 - < 180.6 > 1.8 - < 179.9 > 2.4 < 169.3 > 2.7
8/2 214 < 180.6 > 1.8 < 179.9 > 2.4 < 169.3 > 2.7
8/9 221 < 180.6 > 1.8 < 179.9 > 2.4 < 169.3 > 2.7
8/16 - 228 . < 180.6 > 1.8 < 179.9 > 2.4 < 169.3 > 2.7
8/23. 235 < 180.6 > 1.8 < 179.9 > 2.4 < 169.3 > 2.7
8/30 242 < 180.6 > 1.8 < 179.9 > 2.4 170.0 £ 2.0
9/7 249 < 180.6 > 1.8 < 179.9 > 2.4 170.6 1.4
$/13 255 < 180.6 > 1.8 < 179.9 > 2.4 172.0 0
9/20 262 < 180.6 > 1.8 < 179.9 > 2.4 170.4 1.6
9/27 - 269 < 180.6 > 1.8 < 179.9 > 2.4 170.7 1.3
10/4 276 < 180.6 > 1.8 < 179.9 > 2.4 170.6 1.4
10/10 282 < 180.6 > 1.8 < 179.9 > 2.4 170.9 1.1
10/138 290 < 180.6 > 1.8 < 179.9 > 2.4 170.7 1.3
10/25 297 < 180.6 > 1.8 < 179.9 > 2.4 170.8 1.2
11/1 304 < 180.6 > 1.8 < 179.9 > 2.4 170.7 1.3
C11/8 311 < 180.6 > 1.8 < 179.9 > 2,4 170.9 1.1
11/15. 318 . < 180.6 > 1,8 < 179.9 > 244 170.8 1.2
11/21 324 < 180.6 > 1.8 < 179.9 > 2.4 170.8 1.2
11/29 . . 332 < 180.6 1.8 180.6 1.7 171.0 1.0
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APPENDIX E
WATER TABLE ELEVATIONS - MINER INSTITUTE, 1979
FIELD 31-4
WATER TABLE PIPES :
30W 0 30E .
Water Feet : Water Feet Water Feet
g Table Below : Table " Below Table Below
. Calendar Julian Elevation Ground @ Elevation Ground Elevation Ground
= Date Date . (feet) Surface @ (feet) Surface ' (feet) Surface
4/12 102 ‘ 182.8 0.3 183.5 N 182.4 0.9
4/19 109 182.4 0.7 182.9 0.6 182.7 0.6
4/26 116 182.0 1.1 182.5 1.0 131.6 0.7
5/3 - 123 - 182.0 1.1 182.6 0.9 181.6 0.7
5/10 130 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
5/17 137 < 181.4 > L7 < 181.6 » 1,9 | < 181.,0 > 2.3
5724 - 144 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
5/31 151 < 181.4 > 1.7 < 181.,6 > 1,9 < 181.0 > 2.3
6/7. 158 < 181.4 > 1.7 < 181,6 > 1.9 < 181.0 > 2.3
6/14 165 < 181 .4 > 1.7 < 181.6 > 1.9 < 181.,0 > 2.3
6/21 172 < 181.4. > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
6/28 179 < 181.4 > 1,7 < 18l.6 > 1,9 < 181.0 > 2.3
7/5 186 < 181.4 > 1.7 < 181.6 > 1.9 < 181.,0 > 2.3
7/12 193 < 181.4 > 1.7 < 181.6 > 1.9 ‘< 181.0 > 2.3
7/19 - 200 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
7/26 207 < 181.4 > 1.7 < 181.6 >1.,9 < 181.0 > 2.3
8/2 214 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
3/9 221 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
8/16 228 < 181.4 > 1,7 < 181,56 > 1.9 < 181.0 > 2.3
8/23 235 < 181.4 > 1.7 < 181.,6 > 1.9 < 181.0 > 2.3
8/30 242 < 181.4 > 1.7 <. 181.6 > 1.9 < 181.0 > 2.3
9/7 249 < 181 .4 > 1.7 < 181.6 >'1.9 < 181.0 » 2.3
9/13 255 < 181.4 > 1.7 < 181.6 > 1,9 < 181.0 > 2.3
9/20 262 < 181.4 > 1,7 < 181.6 > 1.9 < 181.0 > 2.3
9/27 269 < 181.4 > 1,7 < 181.6 > 1.9 < 181.,0. > 2.3
10/ 4 276 < 181.4 > 1.7 < 181 .6 > 1.9 < 181.0 . > 2.3
10/10 282 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
10/18 290 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
16/25 . 297 < 181.4 > 1.7 < 181.6 > 1.9 < 131,0 > 2.3
11/1 304 < 181l.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
11/8 311 < 181.4 > 1.7 < 181,6 > 1.9 < 181.0 > 2.3
11/15 318 < 181.4 > 1.7 < 181.6 > 1.9 < 181.0 > 2.3
L1/21 324 < 181.4 > 1.7 < 181.6. » 1.9 < 181.0 > 2.3
11/29 332 132.0 1.1 182 .6 0.9 1.5

181.8




APPENDIX F h
TILE DISCHARGE - MINER INSTITUTE, 1979

FIELD 3I-1
Calendar Julian - #3 #6 # 9 # 12
Date Date (gpm) {gpm) (gpm) (gpm)
4112 _ 102 0S 5.7 1.5 2.6
4/19 ' - 109 ¢ 0s - 1.3 - 0.3 1.7
4/26 116 0S 0.7 0.2 0.3
5/3 o 123 08 1.4 0.4 0.8
5/10 - 130 . 0.3 0.6 0.3 0.4
5/17 ' 137 0.1 0.3 T 0.1 0.2
5/24 S 144 0.1 0.3 0.1 0.1
5/31 . 151 08 1.5 0.7 1.2
6/7 158 0.3 0.4 0.1 0.3
6/14 165 0.1 - 0.2 0.1 0.1
6/21 172 NF 0.1 NF 0.1
6/28 179 NF NF NF NF
7/5 186 NF NF NF NF
7/12 193 NF NF NF NF
7/19 200 NF NF NF NF
7/26 207 NF NF - NF NKF
8/2 214 NF NF NF NF
8/9 B 221 NF NF NF NF
T 8/16 o228 NF¥ NF NF NF
8/23 235 - NF NF NF NF
8/30 242 * * * *
8/7 - 249 * * * *
9/13 255 0.3 0.1 0.2 0.2
9/20 262 08 0.3 1.2 2.1
9/27 269 0.3 0.7 0.2 0.5
10/4 - 276 . 0.2 0.1 0.4 0.2
'10/10 282 0.3 0.4 0.1 0.3
10/18 290 1.0 0.6 0.2 0.2
10/25 297 08 1.1 0.4 0.9
11/1 : 304 0.3 0.6 0.2 0.4
11/8 311 08 1.0 0.4 0.7
11/15 318 0S8 0.8 0.3 0.6
11/21 324 0s 0.5 0.2 0.4
11/29 332 .08 0 1.9 3.2

Note: 0S: outlet submerged
NF: no measurable flow
% : . data not available



