DONNA CREEK WATERSHED /

AREA SQUARE KM HECTARES
A 0.3934 39.34
B 0.6118 61.18
c 0.4953 49.53
D 0.2437 24.37
E 0.0581 5.81
F 0.5690 56.90
Fi 0.2439 24.39
Fa 0.4906 49.06.
F4 0.5109 51.09

Faq 0.0204 2.04
J 0.0444 4.44
A 0.0900 '9.00
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Shest1

onna Creek Slope Failure Runoff Estimation by Drainage Basin
l
ib-drainage basins A B C D E F F1(L1) | F2(L2) | F4(L4) | (L2-L49) At J
'ea hectors : 39.34 61.18 49.53 2437 5.81 56.9 24.39 49.06 51.09 2.04 0.009 4.44
‘ea squared meters (m2) 393400; 611800 495300 243700 58100{ 569000] 243900| 490500] 510900 20400 90 44400
onth Day Total Total Notes
{cm/day) | (m/day) m3/day | m3/day | m3/day m3/day | m3/day | m3/day m3/day | m3/day | m3iday m3/day | m3/day | m3/day
ay 23 1.906 0.019 7474.6| 11624.2] 94107 46303 1103.9 10811 4634.1 9321.4| 97071 387.6 1.71 8436
24 2514 0.025 9835 15295| 123825/ 60925 14525 14225| 6097.5 12265| 127725 510 225 1110
25 4.335 0.043 16916.2| 26307.4| 21297.9| 104791 2498.3 24467| 10487.7| 21095.8| 219687 877.2 3.87 1909.2
26 3.881 0.039 15342.6| 23860.2| 19316.7] 9504.3| 20659 22191 9512.1] 191334 199251 795.6 3.51 1731.6
27 3.332 0.033 12982.2] 20189.4| 16344.9] 80421 1917.3 18777] 8048.7] 16189.8{ 168597 673.2 2.97 1465.2
28 2.023 0.02 7868 12236 9906 4874 1162 11380 4878 9812 10218 408 1.8 888
29 3.197 0.032 12588.8| 19577.6] 158496| 77984 1859.2 18208| 7804.8] 15699.2] 163488 652.8 2.88 1420.8
30 4.726 0.047 18489.8| 28754.6| 23279.1] 114539 27307 26743] 11463.3] 23058.2| 240123 958.8 423] 20868
31 4.874 0.049 19276.6] 29978.2| 24269.7| 11941.3| 28469 27881| 11951.1| 24039.4| 25034.1 999.6 4.41 2175.6
ne 1 4.088 0.041 16129.4] 25083.8| 20307.3] 9991.7| 23821 23329 99939.9] 20114.6| 20946.9 836.4 3.69 1820.4
2 3.112 0.031 121954 18965.8] 153543 75547 1801.1 17639 7560.9] 15208.6| 158379 632.4 2.79 1376.4 failure noti
3 1.497 0.015 5901 9177| 74295| 36555 871.5 8535 3658.5 7359] 76635 306 1.35 666 Zomber visit
4 2.401 0.024 9441.6] 14683.2] 11887.2| 58488 1394.4 13656| 5853.6] 117744 122616 489.6 2.16] 1065.6 cross ditches 16:30 |rd,df ce,gz,jm, am f
5 3.119 0.031 12195.4] 18965.8] 15354.3| 75547 1801.1 17639 7560.9] 15208.6] 158379 632.4 2.79 1376.4 Jamieson
6 2.679 0.027 10621.8{ 16518.6] 13373.1 6579.9 1568.7 15363| 6585.3] 13246.2| 137943 550.8 2.43 1198.8
7 2.839 0.028 11015.2] 17130.4] 13868.4| 68236 1626.8 15932] 6829.2] 13736.8] 14305.2 571.2 252 12432
8 2.449 0.024 9441.6] 14683.2| 118872 58488 1394.4 13656| 5853.6] 11774.4| 122616 489.6 2.16 1065.6
9 273 0.027 10621.8{ 16518.6] 13373.1 6579.9 1568.7 15363 6585.3] 13246.2] 13794.3 550.8 2.43 1198.8
10 2.887 0.029 11408.6| 177422| 143637 70673 1684.9 16501 7073.1) 14227.4] 14816.1 591.6 2.61 1287.6
11 3.997 0.04 15736 24472 19812 9748 2324 22760 9756 19624 20436 816 3.6 1776
als M29-J2 19.997 0.2 78680 122360 99060 48740 11620f 113800 48780 98120 102180 4080 18 8880
als M23-J1 34.876 0.348 136903.2] 212906.4| 172364.4]| 84807.6| 2021 88| 198012] 84877.2| 170728.8| 177793.2] 70992 31.32] 15451.2
als M23-J2 37.988 0.379 149098.6| 231872.2| 187718.7] 92362.3] 22019.9 215651 92438.1| 185937.4| 193631.1 7731.6 34.11] 168276
als M23-J11 62.586 0.624 245481.6| 381763.2| 309067.2] 152068.8 36254.4] 355056| 152193.6] 306134.4] 318801.6| 127296 56.16| 27705.6
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Sheet2

onna Creek Slope Failure Runoff Estimati by Drainage Basin
I

ub-drainage basins A B c D E F F1{L1) F2(L2) F4{L4) (L244) A1 J

rea hectares I 39.34 61.18 49.53 24.37 581 56.9 2439 49.06 S1.09 2.04 9 4.4

rea squared metears (m2) 393400/ - 611800 495300 243700 58100 565000 243900 490600 510900 20400 90000 44400

onth Day Total Total Runoff |Average |Runoff Average [Runoff |Average |Runoff Average |Runoff [Average |Runoff |Average Runoff |Average |Runoff Average |Runoff Average [Runoff |Average |Runoff |[Average |Runoff |Average

(cm/day})| (m/day) M3/day |M3/sec  |M3lday |Milsec M3/day [M3/sec  |M3/day [M3Isec M3/day |M3/sec  |M3/day |M3lsec M3/day [M3/sec  |M3/day |Mdisec Mi/day |M3/sec |M3/day |M3fsec  |M3/day |Milsec Mi/lday  |M3/sec

ay 23 1.906 0.019 7474.6 0.086512]  11624.2] 0.134539 9410.7] 0.10892] 4636.3 0.053591 1103.9] 0.012777 10811] 0.125127|  4634.1] 0.053635 9321.4/ 0.107887] 9707.1| 0.112351 387.6{ 0.004486 1710} 0.019792 843.61 0.009764
24 2.514 0.025 9835| 0.113831 15295/ 0.177025] 12382.5] 0.143316 6092.5] 0.070515] 14525 0.016811 142251 0.164641] 6097.5/ 0.070573] 12265 0.141956] 12772.5] 0.14783 510} 0.005903 2250] 0.026042 1110{ 0.012847
25 4335 0.043 16916.2| 0.195789] 26307.4] 0.304484| 212979 0.246503] 10479.1] 0.121286] 24983 0.028916|  24467{0.283183] 10487.7] 0.121385 21095.8] 0.244164] 21968.7| 0.254267 877.21 0.010153 3870| 0.044792] 1908.2| 6.002007
26 3.881 0.039 15342.6] 0.177576| 23860.2] 0.27616] 19316.7 0.223573]  9504.3]0.110003] 22659 0.026226] 22191] 0.25684] 9512.1] 0.110094 19133.4] 0.221451] 199251} 0.230615 795.61 0.009208 3510{ 0.040625] 1731.6 0.020042
27 3.332 0.033 12082.2] 0.150257| 20189.4] 0.233674] 163449 0.189177] 8042.1] 0.09308] 1917.3] 6.025191 187771 0.217326] 8048.7] 0.093156] 16189.8 0.187382] 16859.7/0.195135 673.2] 0.007792 25970] 0.034375]  1465.2 0.016958]
28 2.023 0.02 7868| 0.091065 12236] 0.14162 9906 0.114653 48741 0.056412 1162} 0.013449 11360} 0.131713 4878| 0.056458 9812)0.113565] 10218}/ 0.118264 4081 0.004722 1800] 0.020833 888] 0.010278}
29 3.197 0.032 12566.8] 0.145704] 19577.6] 0.226593| 15649.6 0.183444] 77984/ 0.080259] 18592 0.021519 18208/ 0.210741]  7804.8| 0.090333] 15699.2] 0.181704 16348.8] 0.189222 652.8{ 0.007556 2880) 0.033333|  1420.8] 0.016444}
30 4726 0.047 18489.8] 0.214002] 28754.6] 0.332808| 232751 0.269434] 11453.9] 0.132568] 2730.7] 0.031605 26743} 0.309525| 11463.3]0.132677] 23058.2] 0.266877 24012.3] 027792 958.81 61.011097 4230| 0.048958| 2086.8] 0.094153]
31 4.874 0.049 19276.6]| 0.223109] 29978.2| 0.34697 24269.7] 0.280899] 119413 0.138209| 28468] 0.03295 278811 0.322697| 11951.1/ 0.138323] 24039.4 0.278234] 25034.1] 0.289747 999.6] 0.011569 4410] 0.051042]  2175.6| 0.025181

ne 1 4.088 0.041 16129.4] 0.186683| 25083.8] 0.200322] 203073 0.235038| 9991.7] 0.115645] 23821 0.027571 23329 0.270012]  9999.8] 0.11574] 20114.6] 0.232808 20946.9] 0.242441 836.4] 0.009681 36901 0.042708]  1820.4] 0.021069
2 3.112 0.031 12195.4] 0.14115] 18965.8] 0.219512 1535431 0.177712] 75547 0.087439|  1801.1{ 0.020846 17639| 0.204155] " 7560.9] 0.08751 15208.6{ 0.176025] 15837.9] 0.183309 632.4] (.007319 2790] 0.032292] — 1376.4] 0.015931
3 1.497 0.015 5901} 0.068299 9177} 0.106215 7429.5] 0.08599 3655.5] 0.042309 871.5{ 0.010087 8535] 0.098785| 3658.5] 0.042344 7359] 0.085174]  7663.5( 0.083698 3061 0.003542 13501 0.015625 6661 0.007708
4 2.401 0.024 9441.6] 0.109278| "14683.2| 0.169944] 116872 0.137583|  5848.8] 0.067634] 1394.4] 0.016139 13656| 0.158056]  5853.6] 0.06775] 11774.4] 0.136278 12261.61 0.141917 489.6{ (.005667 2160 0.025| 1065.6] 0.012333
5 3.119 0.031 12195.4| 0.14115] 18965.8] 0.219512 15354.3] 0.177712] 75547 0.087439]  1801.1] 0.020846 17639/ 0.204155]  7560.9] 0.08751 15208.6] 0.176025] 15837.3| 0.183309 632.4] 0.007319 2790 0.032292]  1376.4] 0.015931
6 2.679 0.027 10621.8] 0.122938] "16518.6] 0.191188 13373.1] 0.154781] 65796 0.076156! 1568.7] 0.018156 153683/ 0.177813]  6585.3/ 0.076219 13246.2] 0.153313] 13794.3| 0.150656 550.8] (.006375 24301 0.028125] 1198.8| 0.013875
7 2.839 0.028 11015.2] 0.127491] 17130.4] 0.198269 13868.41 0.160514] 682356 0.078977 16268 0.018829 15932 0.184398]  6829.2/ 0.079042] 137368 0.158991] 14305.2] 0.165569 571.2] (.006611 2520] 0.029167|  1243.2| 0.014389)
8 2.449 0.024 9441.6| 0.109278] 14683.2| 0.169944 11887.2] 0.137583] 58488 0.067694] 1394.4] 0.016139 13656] 0.158056] 5853.6] 0.06775 11774.4] 0.136278] 12261.6] 0.141917 489.61 0.005667 2160 0.025] 1065.6/ 0.012333
g 2.73 0.027 10621.81 0.122938| 16518.6] 0.191188 13373.1/ 0.154781] 65799 0.076156]  1568.7] 0.018156 15363] 0.177813]  6585.3[0.076219 13246.2] 0.153313]  13794.3{0.150656 550.8| 0.006375 2430] 0.028125]  1198.8] 0.013875
10 2.887 0.029 11408.6| 0.132044] 17742.2] 0.20535 14363.7] 0.166247] 70673 0.081797|  1684.9] 0.018501 16501} 0.190984]  7073.1] 0.081865 14227.4] 0.164669] 14816.1| 0.171483 591.61 0.006847 2610] 0.030208{  1287.6 0.014903
11 3.997 0.04 15736] 0.18213 24472] 0.283241 19812} 0.229306 9748] 0.112824 2324] 0.026898 22760} 0.263426 9756] 0.112917 19624] 0.22713 20436{ 0.236528 8161 0.009444 3600] 0.041667 1776 0.020556

als M29-12 19.997 0.2 78680 122360 99060 48740 11620 113800 48780 98120 102180 4080 18000 8880

als M23-J1 34.876 0.348 136903.2 212906.4 172364.4 84807 .6 20218.8 198012 84877.2 170728.8 177793.2 7099.2 31320 154512

als M23-J2 37.988 0.379 149098.6 231872.2 187718.7 92362.3 22019.9 215651 92438.1 185937.4 193631.1 7731.6 34110 16827.6

als M23-J11 62.586 0.624 245481.6 381763.2 3090672 152068.8 36254.4 355056 1521936 306134.4 318801.6 12729.6 56160 27705.6
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Calculations Based On AGRA Infiltration Rates

AGRA Earth and Environmental measured and calculated field saturated hydraulic conductivity at
various locations on the site. This is essentially a measure of the soil’s ability to conduct water.
The values at lower depths had the lowest hydraulic conductivities, and I took these values to be
the limits on permeability (rate of discharge per unit area (m*/day). Nonetheless, where AGRA test
sites showed different values, I calculated separate permeability rates.

The sediment deposits at location 4, and 5 covered areas of 230 m?® and 200 n’, respectively. Ido
not know the exact surface flow path area on the failure site, because the site has failed, but T have

estimated the area to be about 500 m” based on possible surface flow paths on the pre failure
topography.

1 Permeability

Location 5 Area =200 m*

5a (77 cm depth) Kg = 3.58x10 cm/s = 3.58x10° m/s

Volume of water infiltrating per day = Kg(m/s) x 86400 s/day x Area (m?)
[1] 3.58x10°°m/s x 86400 s/day x 200 m’ = 62 m® / day

5b (95 cm depth) Ks=1.0x10%cm/s = 1.0x10° m/s

[2] 1.0x10™ m/s x 86400 s/day x 200 m*> = 0.17 m® / day

Location 4 Area =230 m?

4b (99 cm depth) Ks = 3.45x10™ cm/s = 3.45x10° m/s

[3] 3.45x10°m/s x 86400 s/day x 230 m* = 69 m® / day

4¢ (99 cm depth) Kg = 1.0x10%cm/s = 1.0x10° m/s

[4] 1.0x10° m/s x 86400 s/day x 230 m* = 0.20 m® / day

4e (58 cm depth) Ki =6.23x107 cm/s = 6.23x107° m/s

[5] 6.23x10° m/s x 86400 s/day x 230 m* = 1237 m® / day



Failure scarp Failure covers 4.5 ha. Assumed area of flow path = 500 m*

Scarp A (25 cm depth) Kg = 9.53x102 cm/s = 9.53x10™ m/s

[6]  9.53x10™* m/s x 86400 s/day x 500 m* = 41,170 m* / day

Scarp B (35 cm depth) Kz = 5.21x10™ cm/s = 5.21x10%m/s

[71  5.21x10°m/s x 86400 s/day x 500 m” = 225 m* / day

Scarp C (45 cm depth) Kg = 7.56x10™ cm/s = 7.56x10m/s

[81  7.56x10°m/s x 86400 s/day x 500 m” =327 m*/ day

Values [6], [7], and [8] reflect the permeability of surface units and subsurface units of coarse and
fine textured materials.

2 Flow

On 31 May 1992 the flow directed to locations 3,4, and 5 was 25,034 m’/day. 16.1 % (4,030 m®)
flow to location 5, and 74.2 % (18,575 m’) to location 4. The volume that flowed to location 4,
subsequently made its way to the headscarp.
Flow Location 5

[1a] (62 m*/day /4030 m®) x 100 =1.5 %

Based on 62 m® /day infiltrating into the ground, 1.5 % of the total volume flows subsurface.

[2a] (0.17 m*/day / 4030 m®) x 100 = 0.004 % of the flow is calculated to have occurred
subsurface.

At location 5, 98.5 to 99.996 % of the water went overland (flow into basin A).
Flow Location 4

[3a] (69 m*/day / 18,575 m®) x 100 = 0.3 % of the flow is calculated to have occurred
subsurface.

[4a] (0.20 m*/day / 18,575 m®) x 100 = 0.001 % of the flow is calculated to have occurred
subsurface.

[5a] (1237 m’/day / 18,575 m®) x 100 = 6.6 % of the flow is calculated to have occurred
subsurface.

At location 4, 93.4 t0 99.999 % of the water flowed overland to the failure site.



Flow Failure Site

Let’s assume, for arguments sake, that 6.6 % of the water at location 4 went subsurface, and that
the surface water reaching the failure site was reduced accordingly to 17,349 m’ /day.

[6a] 41,170 m*/day is greater than the daily input of 17,349 m’ /day, therefore in this case
all the water would infiltrate into the ground and flow subsurface above a more
impermeable layer.

[7a] (225 m’/day / 17349 m’/day) x 100 = 1.3 % of the water would flow subsurface or
water would flow above a stratigraphic unit of similar texture.

[8a] (327 m*/day / 17349 m’/day) x 100 = 1.9 % of the water would flow subsurface or
water would flow above a stratigraphic unit of similar texture.

Within the failure scarp, depending on whether very gravelly sand was prevalent as in Scarp A, or
sandy silt was prevalent as in Scarp B and C, all of the water flow would flow subsurface, or very
little would flow subsurface, respectively. Water would also tend to flow within coarser textured
units over the finer textured units found within the stratigraphy of the failure.

3 Summary

On 31 May 1992 about 25,000 m’ of water flowed towards locations 3,4,and 5. The
9.7 % that flowed to location 3, and the 16.1 % that flowed to location 5 did not flow to the failure
area.

Between 93.4 and 99.999 % of the 18,575 m’ of water, that flowed through location 4 on 31 May,
made its way to the failure area below the headscarp via overland flow.

I can come up with two scenarios, depending on different hydraulic conductivities
associated with different textures. If surface material was dominated by very gravelly
sand, all the water would flow subsurface within the failure site with seepage exit at
location 7. If surface materials were sandy silt, most of the water would flow across the
failure site as overland flow to the spoon shaped gully at location 7. The important point
is that large quantities of water did reach the failure site and did flow via surface and
subsurface pathways toward location 7. I can only speculate, on how water flowed
through the complex bedding of the sands, silts and gravels found within the failure.





