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I. INTRODUCTION 

Locks and Dam No. 2 are located on the Mississippi River, 1.4 miles 
above Hastings, Minnesota, and 26 miles south of St. Paul, Minnesota. The 
structure is 815.2 river miles above the mouth of the Ohio River, 32.4 
river miles below Locks and Dam No.1, and 17.3 river miles above Locks and 
Dam No.3. Locks and Dam No. 2 were put into operation in 1931 as part of 
the Army Corps of Engineers Mississippi River 9-foot channel navigation 
project. At that time they consisted of twenty 30 ft tainter gates and a 
single lock on the southwest side of the river. A second lock, landward of 
the first, was placed into operation in 1948. The original riverward lock 
is today non-operational (see Fig. 1). 

The array of tainter gates serve to maintaip an upper pool water sur
face elevation of between 686.5 ft and 687.1 ft. Since upper pool eleva
tion is held relatively constant for non-flood flows while the tailwater 
elevation rises with increasing river flow, head (water surface drop) 
across the dam varies as a function of river flow rate from a maximum of 
12.2 ft at 1000 cfs to a minimum of 0.8 ft for river flows of 60,000 cfs 
and above. At river flows of 61,000 cfs and above, the tailwater elevation 
exceeds normal upper pool elevation. For these flows, the gates are pulled 
out of the water and the pool level is no longer under the control of the 
dam. For uncontrolled flows, a swell head of approximately 0.8 ft exists 
across the dam. 

The largest flood of record at Locks and Dam No.2 occurred in 1965. A 
peak flow of 171,000 cfs was gaged, and the water surface elevation above 
the dam was 697.0 ft., 10.5 ft above normal pool. It is estimated that the 
1965 flood was one that can be expected to occur once in 100 years. 

In 1985, the City of Hastings began investigation of the possibility 
of building and operating a hydroelectric facility at Locks and Dam No. 2 
with the goal of selling power to the local utility company and using the 
profit as a source of revenue for the city. By the spring of 1986, preli
minary engineering studies and facility design had been completed. As 
part of its licensing procedure with the Federal Energy Regulatory 
Commission, the City of Hastings was required to come to an agreement with 
the Army Corps of Engineers regarding the impact of the proposed facility 
on river navigation, flood conveyance, and bed scour. In compliance with 
this requirement, the City of Hastings contracted with the St. Anthony 
Falls Hydraulic Laboratory, University of Minnesota, in Minneapolis, 
Minnesota, to have a model study done of the river reach in the vicinity of 
Locks and Dam No.2. The St. Paul District of the Army Corps of Engineers, 
with help from the Waterways Experiment Station in Vicksburg, Mississippi, 
would define the objectives, oversee the study, and interpret the results. 

1 All elevations in this report are in feet above mean sea level 
(M.S.L.), 1912 adjustment. 
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Figure I. Locks and Dam No.2 
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II. STUDY OBJECTIVES AND PROCEDURES 

The goals and procedures of this project as determined by the Corps of 
Engineers have been defined in a document titled "Mississippi River Locks 
and Dam No.2 Hydropower Project - Requirements for Hydraulic Model Study" 
dated June 24, 1986 (Appendix A). The study was to 1) document the effect 
of powerhouse operation on navigation into and out of the operating 
(landward) lock, 2) determine the effect of the proposed installation on 
flood heights, and 3) document flow patterns resulting from the revised 
gate operation schedule and powerplant release. 

The tests to be conducted would consist of "drift body" tests, model 
barge navigation tests, surge tests, and water surface profile documen
tation. All tests except the surge tests would be conducted both with con
ditions as they existed before the onset of construction (base tests) and 
with the proposed powerhouse in place and operating. A variety of river 
flows specified by the Corps of Engineers and ranging from 2700 cfs to 
171,000 cfs (prototype) would be documented. 

"Drift body" tests would consist of releasing a floating cylinder with 
a 10 ft (prototype) diameter and 9 ft (prototype) submerged depth at the 
upstream limit of the model and following its path of travel through the 
model. This would be done repeatedly for each test until the entire navi
gable portion of the model was documented in this manner. In addition to 
tracing and mapping the path lines of the drifting body, local travel times 
would be measured and local mean velocities would be calculated and 
included in the drift body maps. In this way, maps of current directions 
and velocities averaged over the upper 9 ft (prototype) of water would be 
assembled. Additionally, it was decided that currents in regions adjacent 
to the navigation channel for which drift body data would be useful but 
depth was less than 9 ft (prototype) would be documented using a drift body 
with a 5 ft (prototype) submerged depth. 

Model barge navigation tests would be conducted by personnel from the 
Waterways Experiment Station. For all navigable flows under both base test 
and powerhouse conditions, a radio controlled scale tow boat would power 
either a 9 or 15 barge unit (as appropriate) submerged to a 9 ft draft into 
and out of the lock. Test results would be photodocumented and interpreted 
by the Waterways Experiment Station in a separate report. 

Surge tests would consist of instantaneously starting or stopping a 
design flow through the powerhouse with minimum tailwater and recording the 
changing tailwater elevation and velocity at 3 locations over time. 
Additionally, the Waterways Experiment Station would assess the effect of 
these transients on lock approach using the scale tow boat/barge assembly. 

Water surface profiles would be measured and recorded for all flows 
under both base and powerhouse conditions. Water surface elevations would 
be measured at 11 locations in the model. 
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Upon completion of most of the required testing, it was decided that 
additional work would need to be done to assess scour potential in a region 
downstream of the powerhouse, to design a modification to reduce the possi
bility of bed alteration due to scour, and to document the change in river 
currents resulting from different scour scenarios. Documentation with 
drift body data, spot velocities, and model barge navigation of the impact 
of the modification and scour possibilities on navigation in the lower lock 
approach would be provided. These requirements were stipulated in letters 
dated 6 February 1987, 22 August 1987, and 9 October 1987 from the St. Paul 
District Corps of Engineers (Appendi~ B) and the tests were subsequently 
conducted and reported upon completion by letter to the City of Hastings 
(24 March 1987 and 31 August 1987). 
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III. THE MODEL 

The modeled region, illustrated in Fig. 2 encompassed a rectangular 
area 10,524 ft long and 1992 ft wide. The model scale was 1:72. It filled 
a basin 151 ft by 27 ft, 8 in., which included a 3 ft head tank on the 
upstream end of the basin and a 2 ft tailwater tank on the downstream end. 
Additionally, there was a 70 ft long 1 ft wide head tank at the upstream 
end of the right side (looking downstream) of the model basin. This was 
needed to simulate flow through the Buck Island area of the river. The 
model bed was fixed and no sediment transport was modeled. 

Most of the model topography was determined from field surveys. For 
the purpose of the model study, a surveying firm hired by the City of 
Hastings in the summer of 1986 surveyed ranges 282 ft (prototype) apart 
starting at the downstream edge of the modeled area and oriented perpen
dicularly to the sides of the rectangular area. Thirty-eight of these 
ranges were used to construct the model, these ranges being 3 ft, 11 in., 
apart in the model. Additional ranges were taken and used in the Buck 
Island area for better definition in this region. In an area 180 ft 
(prototype) upstream and 300 ft (prototype) downstream of the dam, exten
sive use was also made of drawings from the 1985 Locks and Dam No. 2 scour 
protection plan drafted by the St. Paul District Corps of Engineers. Other 
topographic data in the region of the locks and dam was obtained from 
"Mississippi River Nine Foot Channel Navigation Project Regulation Manual, 
Appendix 2, Locks and Dam No.2., Hastings, Minnesota," published by the 
St. Paul District Corps of Engineers in 1973. 

Prototype topographic data was transformed to model data by 
appropriate scaling and subsequently used to construct sheet metal tem
plates. The templates were carefully located in the model basin and 
referenced to a common elevation datum using a surveyor's level. The bulk 
of the volume of the model was comprised of various sizes of concrete 
blocks such that, generally, the concrete blocks were 1 to 3 in. (model) 
lower than the upper template edges. A perlite/cement mixture of concrete 
was poured on top of the blocks and formed using a straight edge that 
spanned successive templates. Thus, bed topography was approximated using 
linear interpolation between ranges. Neglecting errors due to the nature 
of the interpolation, the modeled area topography was reproduced within a 
vertical error of ± .75 ft (prototype). An elevation contour map of the 
model appears in Fig. 3. 

The modeled locks and dam were designed from Corps of Engineers 
drawings. Tainter gate design was simplified by modeling the tainter gates 
as adjustable sluice gates. The lock miter gates were likewise approxi
mated by vertically operated gates. The 100 ft (prototype) wide Boule Dam 
and an area of the bed extending 190 ft (prototype) downstream from it was 
made interchangable with a modeled powerhouse designed from drawings 
supplied by Mead and Hunt, Inc. Each of the two turbines of the powerhouse 
was modeled by an adjustable sluice gate. 
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Figure 2. Map of modeled area. 

6 



" 

c:::::> 

<J 

-----70IJ 

G 170 
C:~ 

~75 

r:-"; .-
. ~ ~ 6> "-,oo2ffi£6aw ~f: 

p70~ 
~~~~Ir-~------

665 

LDCK RND DRM ND. 2 

ELEVRTI~N C~NT~URS (IN FT,) 

500 fT . 

ELEVRTI~NS REFERRED T~ MSL 
ST. RNTHDNi FRLLS HiDRRULIC LRBOARTDRi 

1987 

Figure 3. Elevation contour map of model. 



Water was supplied to the model in a "once through" manner, taken 
directly from and exhausted to the Mississippi River which flows adjacent 
to the Laboratory. Inflow was distributed by the two head tanks in order 
to simulate both flow in the main river channel and flow through the Buck 
Island area. Each head tank had two independently metered and controlled 
supplies, needed to accommodate the large range of flows to be modeled 
(2700 cfs to 171,000 cfs, prototype). The Buck Island head tank had one 
supply manifold while the main channel head tank had two to cover different 
ranges of flow. The manifolds were adjusted to provide a suitable distri
bution of inflow. Inflow metering consisted of orifice meters and U-tube 
manometers which were calibrated in situ by channeling the model outflow 
through weighing tanks. - --

For a given river flow, upstream pool elevation was controlled by the 
tainter gate settings for flows up to 60,000 cfs (prototype) and by the 
tailwater elevation for larger flows. Tailwater elevation was in turn 
controlled by an adjustable weir at the downstream end of the model. The 
model outflow was distributed by a tailwater tank manifold in the form of 
an adjustable skimmer wall. 

8 



IV. MODEL CALIBRATION 

The inflow to the modeled area is divided between the flow in the main 
river channel and the flow through the Buck Island area. On September 23, 
1986, the flow between the Buck Islands was measured by taking a survey of 
velocities and depths in that area. The resulting velocity distribution is 
shown in Fig. 4. On the date of measurement, the resulting flow through 
Buck Island was 20.5% of the total river flow. It was decided that on the 
basis of this measurement, 20% of total river flow would be distributed 
through Buck Island and 80% would be distributed across the main channel 
for all flows modeled. The Buck Island head tank manifold was adjusted for 
the September 23 river flow to closely approximate the measured velocity 
distribution. The resulting model velocity distribution is shown in Fig. 5 
where the measured velocities have been converted to prototype values. 

The main channel inflow manifolds and the tailwater manifold/skimmer 
wall were adjusted so as to provide main channel inlet and tailwater exit 
velocities that were relatively constant in magnitude across the channel 
width and that had directions that generally corresponded to channel orien
tation. 

The adequacy of bed roughness and associated energy loss in the flow 
was verified per section 5 of the Corps of Engineers document of June 24 
(Appendix A) which stipulated that water surface profiles were to be 
measured in the model for three flows under base conditions and the data 
compared to prototype data that the St. Paul Corps of Engineers would'pro
vide. The water surface elevation measurement locations are illustrated in 
Fig. 6, and the model and prototype profiles for the three flows are shown 
in Fig. 7. Upon analysis by the St. Paul Corps of Engineers and Waterways 
Experiment Station, it was deemed unnecessary to further calibrate the 
model. 

The model powerhouse was calibrated in a separate 2 ft wide flume. A 
2700 cfs (prototype) flow was established in the channel, the tailwater was 
set so that the draft tubes were submerged, and the powerhouse head was 
varied by adjusting the internal gate simulating the turbine and allowing 
the upper pool level to change. Required gate opening (as indicated by the 
number of turns on the controlling threaded rod) was calibrated against 
head for each turbine independently. The calibration equation, valid for 
either turbine was 

N = (2000 ft/AH)lk 

where N is the number of turns of the gate adjusting rod, zero being with 
the gate closed, and AH is the powerhouse head in prototype feet. The 
validity of the calibration was confirmed when, with the powerhouse in 
place and the dam closed, a powerhouse design flow was established in the 
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model and the correct water surface elevations were 
gate opening was set according to the calibration. 
both a 2700 cfs model flow through a single turbine 
flow with two-turbine operation. 
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v. MODEL 6PERATION 

The model was operated according to Froude similarity from which the 
following scaling relationships can be defined; 

LENGTH 

TIME 

VELOCITY 

FLOW RATE 

MODEL 

1 

1 

1 

1 

PROTOTYPE 

72 

8.5 

8.5 

44000 

Flow rate, headwater and tailwater elevations, tainter gate opening 
schedule, and powerhouse operation were specified by the two Corps of 
Engineers documents dated June 24 and February 6 (Appendices A and B). 
Prototype flow rate was scaled appropriately and apportioned between the 
main channel and Buck Island head tanks. Scaled taintergate openings were 
set in the model. For base tests, tailwater level was set by the 
downstream weir according to the water surface measured at the downstream 
end of the landward guide wall. This is where the tailwater gage is 
located at the site. For tests with the powerhouse in place, the tailwater 
was set according to that measured 500 ft (prototype) from the downstream 
limit of the model to match the water surface elevation at that position 
with that which had been measured during the corresponding base test. For 
these tests, this location was used instead of the one at the guide wall to 
insure downstream control in model operation. Upper pool elevation for 
flows less than 61,000 cfs was set by adjusting all the open tainter gate 
settings by the same amount. For the 61,000 cfs flow and above, pool 
level was not under the control of the dam, the gates being fully open and 
out of the water. Pool elevation was measured at the upstream end of the 
landward guide wall, again corresponding to the gage location at the site. 
Powerhouse flow was set according to specification by the head-discharge 
calibration already performed. Per turbine flow was always set to either 
2700 cfs (prototype design capacity) or zero. 

Lock filling and emptying was not modeled. 
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VI. TEST RESULTS 

A. Current Directions and Velocities 

Current direction and velocity maps for all navigable modeled flows 
(93,000 cfs and less) under base test conditions or with the powerhouse in 
place are assembled in Appendix C. An illustrative example is given in 
Fig. 8. The arrowheads on the "drift body" pathlines indicate the posi
tions of measuring stations that were 500 ft (prototype) apart and were 
oriented orthogonally to the sides of the model basin. Drift body lateral 
position and travel time were noted at each station. This data was entered 
into a computer which would plot the path lines and compute local prototype 
velocities. These velocities were obtained by dividing drift body travel 
distances by the travel times between stations and multiplying by the velo
city scaling ratio. The navigable portion of the model (9 ft prototype 
depth or greater) where the velocities exceeded 0.1 ft/sec (prototype) was 
mapped in this way. Additionally, at the lower flows, an area downstream 
of the locks was documented using a drift body with a 5 ft (prototype) sub
mergence to illustrate the flow in that shallower region. 

B. Navigation Tests 

The tests in which a model towboat/barge was piloted by radio control 
for the full range of navigable flows were conducted in January 1987 by 
personnel from the Waterways Experiment Station with assistance from the 
St. Paul Corps of Engineers and St. Anthony Falls Hydraulic Laboratory. 
Test Results were photo-documented using a long duration exposure technique 
well established at the Waterways Experiment Station. An illustrative 
example of this method appears in Fig. 9. 

While conducting the navigation tests, the presence of an outdraft 
originating from the Buck Island area and particularly severe at the higher 
river flows was noted. To verify that such an outdraft actually existed 
and was not an anomaly of the model, four commercial towboat pilots from 
St. Paul who had navigated this stretch of the river were invited by the 
Corps of Engineers to observe the model tests. All concurred that such an 
outdraft did indeed exist and that its presence made the upstream approach 
to the lock difficult and even hazardous at higher river flows. They 
agreed that the model reproduced prototype navigation conditions very 
closely. 

C. Surge Tests 

Surge tests were conducted according to section 7b of the June 24 
Corps of Engineers document (Appendix A). Water surface and velocity were 
measured at three stations 1000 ft (prototype) apart located along the cen
terline of the landward lock (Fig. 10). Water surface was measured with a 
capacitive based stage meter having a resolution of .001 ft (model) or .07 
ft (prototype). Velocity was measured with a model 523 Marsh-McBirney two-

16 



~~ \1 II 

I
:z 

(\JW 
IT: 

• IT: 
o~ 
:z u en 
2::: 0 B tn 
IT :z 1--1 W 
o IT I- I-

a en ~ ~ 
z: W IT: a:: 
IT 1--1 1--1 CD 

I- 0 x::: 1--1 

Uu 
00 
---.J---.J 

W 
> 

17 



Figure 9. Typical photo documentation of 
navigation test. 
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channel electromagnetic current meter. This instrument uses a spherical 
probe 0.5 inches in diameter and reportedly has a spherical measuring 
volume three time the probe's diameter or 1.5 in. The current meter has a 
resolution of .01 ft/sec (model) or approximately 0.1 ft/sec (prototype). 

Velocities and water surfaces were monitored for 5 minutes (model) 
following the instantaneous closing or opening of the powerhouse 
turbine(s), coinciding with time = zero. Analog meter outputs were digi
tized, sampled by a microcomputer at a rate of two samples per second, 
converted to a prototype value, and stored on a disc. This information was 
subsequently used by a computerized plotting routine to create the graphs 
that appear in Appendix D, a typical example of which is shown in Fig. 11. 
All units in the illustrations have been scaled to prototype values. 

D. Water Surface Profiles 

Water surface profiles were measured under base and powerhouse con
ditions for all modeled navigable flows as well as for the flood of record 
(171,000 cfs) and the 1%, 2% and 10% exceedence frequency floods (166,000 
cfs, 138,000 cfs, and 83,000 cfs, respectively). Water surface was 
measured with a point gage attached to a carriage that could access any 
point in the basin. The gage was referenced to a common elevation for all 
measurement locations and had a resolution of .001 ft (model) or .07 ft 
(prototype). The measurement locations (Fig. 6) were selected to generally 
follow the navigation channel, coincide with existing gage locations, and 
monitor water surface drop across the dam itself. Water surface elevations 
were established in the manner previously described. 

The installation of the powerhouse can be expected to elevate head
waters somewhat during flood flows since water previously conveyed over the 
Boule Dam during these flows will be partially or totally blocked by the 
proposed facility. Test results indicate that this phenomenon is most 
severe for the 138,000 cfs flow where the headwater with the powerhouse in 
place was 0.3 ft (prototype) higher than it was under base conditions (Fig. 
12). For all other flows tested, including the highest floods, water sur
face profiles for base and powerhouse conditions did not deviate by more 
than 0.2 ft (prototype). This is close to the estimated error of the 
measurement, which is approximately ± 0.1 ft (prototype). 

Test data in both tabular and graphical form are assembled in 
Appendix E. 

E. Spot Velocities at 171,000 CFS 

In lieu of drift body data, the Corps of Engineers agreed that spot 
velocities would be measured near the bed in the vicinity of the powerhouse 
for the 171,000 cfs flow under both base and powerhouse conditions. This 
seemed reasonable since this flow is non-navigable but likely to cause bed 
scour. Velocities were measured at the locations indicated in Fig. 13 with 
the current meter described above and at a distance of 3 ft (prototype) 
above the bed. This was as close as the probe could get to the bottom. 

Data was entered into a computer which constructed and plotted vectors 
appropriately oriented with lengths proportional to the velocity magnitude. 
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The tails of the vectors coincided with the measurement locations. 
Prototype velocities were calculated and printed adjacent to the associated 
vector. The results can be found in Appendix F. 
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VII. DOWNSTREAM MODIFICATION 

A. Background 

Although it appeared that powerhouse operation would not seriously 
affect currents in the navigation channel, concern arose over the magnitude 
of the velocities downstream of the powerhouse, particularly where this 
current moved across a submerged shoal which exists downstream and landward 
of the riverward lock (see Fig. 3). Since armouring the shoal which is 
over 1000 ft in length would be costly, it was decided instead to attempt 
to reduce the velocities that traversed this region to diminish the possi
bility of erosion~ 

After investigating a number of alternatives, a modification was deve
loped that proved effective at reducing velocities across the shoal yet had 
no negative impact on currents in the navigation channel. This modifica
tion, a submerged wing wall extending riverward 45 ft. (prototype) from the 
riverward wall of the unused lock, is illustrated in Fig. 14. 

The crest elevation of the proposed dike is 670.9 ft (prototype). 
Model results indicate that the flow features affected by the submerged 
structure are quite sensitive to the elevation of the crest, particularly 
when the river flow is near 5400 cfs. At this flow, if the crest is 
higher than the design elevation, a large clockwise eddy is established 
downstream of the locks causing appreciable currents to develop downstream 
of the landward lock approach. These currents have an upstream direction 
and move riverward close to the lock. Alternatively, if the crest is 
below design, velocities across the shoal are less influenced by the pre
sence of the dike. Particularly as the river flow approaches 38,000 cfs, 
these velocities may still be a possible source of scour. Care should be 
exercised in the installation of the submerged structure, should it be 
implemented. 

B. Testing and Results 

Testing of the impact of the proposed submerged wing wall on the 
downstream flow proceeded according to the Corps of Engineers letter dated 
February 6 (Appendix B). It consisted of current direction and velocity 
(drift body) tests for all flows up to and including 61,000 cfs with the 
powerhouse and wing wall in place as well as spot velocity measurements for 
three flows under both base and powerhouse/wing wall conditions. The drift 
body tests were done in exactly the same way as they had been done pre
viously. The spot velocities were taken by the Marsh-McBirney current 
meter 3 ft (prototype) above the bed. Measurement locations, as defined in 
the Corps of Engineers letter, are shown in Fig. 15, where the submerged 
wing wall is referred to as "DIKE." The calculation and illustration of 
the resulting prototype velocities was performed by computer in the same 
way that it was for the 171,000 cfs spot velocities. The complete set of 
test results can be found in Appendix G. 
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Navigation tests with the proposed submerged structure in place using 
the radio controlled tow boat/barge assembly were performed and photo
documented by the Waterways Experiment Station. 
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VIII. DOWNSTREAM SCOUR SCENARIOS 

Upon analysis by the St. Paul Corps of Engineers of the model velocity 
data resulting from the imprementation of the submerged wing wall, it was 
decided that the prevention of erosion of the downstream shoal could still 
not be guaranteed. Additionally, given the nature of the sediment consti
tuting the shoal (D50 = 0.4 millimeters), virtually any increase in 
existing (pre-powerhouse) velocities across the shoal would lead to some 
amount of scour. Consequently, it was decided that testing of various 
scour scenarios was needed to ascertain the impact of shoal erosion on 
downstream navigation. 

Toward this end, the area of the model illustrated in Fig. 16 was 
excavated and reconstructed in concrete at an elevation of 660.0 ft 
(M.S.L.). On top of this region, the existing topography of the area was 
recreated in fine gravel (approximate mean diameter of 1/8 inch), employing 
templates created from the survey data used to construct the original 
model. The templates were removed following the placement of the gravel so 
as not to interfere with the forming of channels during the tests. 

River bed geometry was altered three times during testing to simulate 
different scour scenarios attributable to powerhouse discharge. These 
modifications are illustrated in Figs. 17 through 19. Scenario 1 entailed 
the cutting of a 50 ft wide channel (prototype) through the submerged shoal 
at the position indicated in Fig. 17. The channel bottom elevation was 
660.0 ft (M.S.L.). The position was selected as the most likely scour path 
on the basis of dye visualization of the powerhouse related tailwater 
currents. In scenario 2, the channel was widened riverward by an addi
tional 50 ft, as illustrated in Fig. 18. Figure 19 shows scenario 3 which 
represented the "maximum scour" scenario. As with the other modifications, 
the bed of the excavated ("scoured") area was 660.0 ft (M.S.L.). 

For all scenarios, river flows of 5400 cfs and 22,000 cfs were simu
lated with powerhouse operation, and model towboat/barge tests conducted by 
the Waterways Experiment Station. Both 9 and 15 barge units were employed 
and only downstream lock approach was documented. Additionally, surges due 
to powerhouse loading and load rejection were simulated and documented for 
each modification. For scenario· 3, a river flow of 38,000 cfs was also 
tested. 

Current direction and velocity ("drift body") data was taken for 
scenarios 2 and 3 at river flows of 5400 cfs, 22000 cfs, 38000 cfs, and 
61000 cfs as specified in the St. Paul Corps of Engineers letters dated 
August 22, 1987 and October 9, 1987 (Appendix B). The results of these 
tests can be found in Appendix H. 

Although the full analysis of and conclusions regarding test results 
are to be provided by Waterways Experiment Station, there appeared to be no 
significant negative impact of potential scour of the submerged shoal in 
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question on navigation under any condition tested. Consequently, it is 
recommended that no effort be made to prevent such scour. It should be 
noted, however, that although the navigation effects of possible scour 
should be minimal, it is quite possible that the deposition of eroded 
material may accelerate the need for maintenance dredging in the navigation 
channel downstream of the lock. 
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IX. CONCLUSIONS 

A 1:72 scale model of a 2 mile reach of the Mississippi River in the 
vicinity of Locks and Dam No. 2 was built and operated to determine if a 
proposed hydropower facility would have an impact on river navigation. 
Model requirements and dam operational procedures were defined by the Army 
Corps of Engineers, St. Paul District. This Laboratory's responsibility 
was to build and operate the model and to provide the data required with 
accuracy and reliability. The data consist primarily of drift body path
lines and velocities, spot current velocities, surge tests, and water sur
face profiles. Riverflows of 2700 cfs, 5400 cfs, 11,000 cfs, 22,000 cfs, 
38,000 cfs, 61,000 cfs, 83,000 cfs, 93,000 cfs, 138,000 cfs, 166,000 cfs 
and 171,000 cfs were simulated in the model. Flow conditions before and 
after installation of the projected power generating facility were 
investigated. 

The model was also used extensively by Corps of Engineers Waterways 
Experiment Station personnel to conduct experiments with remotely 
controlled model towboats and barges. The photo documentation of those 
activities is not part of this report but will be provided by the Waterways 
Experiment Station directly to the St. Paul District Corps of Engineers 
which will then interpret all of the data and results obtained in the model 
study. 

The authors' assessment of the data assembled in this report is that 
the power generating facility will have no significant effect on flow 
paths, velocities and water surface stages in the navigation channel. In 
the upstream approach to the lock (pool No.2), the flow conditions before 
and after installation showed barely noticeable differences in velocities 
and pathlines. In the downstream approach to the lock, the differences 
were more noticeable, but the conditions were still such that navigation 
would not be adversely affected. The only point of some concern was a 
potential scouring of a shoal immediately downstream from the locks by 
velocities attributable to the powerhouse. A small submerged structure 
(wingwall built of rock) placed downstream from powerhouse outlet was shown 
to reduce the velocities over the shoal. Should scour prevention not be 
employed, it was shown that downstream navigation would still not be signi
ficantly affected under any scour scenario tested. These scenarios were 
selected by the St. Paul District as the "worst" cases. On this basis, it 
seems unnecessary to implement any erosion prevention strategy. 
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APPENDIX A 

ORIGINAL REQUIREMENTS FOR MODEL STUDY 
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1. Purpose. 
required to: 

LOCK AND DAM 2 HYIROPOWER PROJECT 

US ARMY CORPS OF ENGmEERS 

REQUIREMENTS FOR HYDRAULIC MODEL S'IUDY 

A physical fixed- or semi-fixed-bed model study is 

a. Determine the effects of powerhouse releases on navigation 
conditions in the lock approaches and to develop modifications required 
to eliminate any unsatisfactory conditions. 

b. Determine the effect of reducing the length of the overflow 
spillway on flood heights. 

c. Check the revised spillway gate operation schedule for r::am No. 
2 during the hydropower releases. The District will prepare the 
revised schedule to reflect discharges expected through the power plant 
based on information to be supplied later by the licensee. 

2. Model Scale. In order to obtain an accurate reproduction of proto
type conditions for the navigation study, a fixed- or semi-fixed-bed 
model shall be constructed to an undistorted scale of 1:72. All 
elevations are referenced to the 1912 adjustment (1912 MSL). 

3. Model Limits. '!he model must encompass all effective flow areas up 
to a river disCharge of 171,000 cfs. Overbank elevations to a minimum 
of 698 will be modeled on both banks upstream of the dam. fuwnstream 
of the dam, the topography over to the Chicago, Milwaukee, St. Paul and 
Pacific Railroad on the left bank will be modeled. fuwnstream on the 
right bank, the topography over to a line extending from the downstream 
guidewall and expanding away from the river centerline at a rate of one 
unit laterally to four units in the downstream direction shall be 
modeled. '!he upstream model limit shall be at least to navigation mile 
816.5 (6,900 feet above the axis of the dam); the downstream model 
limit shall be at least to navigation mile 814.5 (3,700 feet downstream 
of the dam axis) in order to obtain accurate reproduction of bed 
configuration, velOCities, cross-currents and eddies that would affect 
navigation conditions in the upper and lower lock approaches. The 
model limits are shown on Enclosure 1. All pertinent features of the 
lock and dam shall be included in the model. 

4. Model Geometry. In order to insure proper verification and 
accurate reproduction of prototype conditions, the model must be 
constructed to existing channel and overbank geometry. '!herefore, the 
licensee must obtain accurate hydrographic and topographiC surveys at 
300 foot intervals upstream and downstream of the dam reflecting 
existing cooditions, for use in construction and calibration of the 
roodel. 
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5. Model Verification 

Sufficient water-surface elevation measurements must be obtained to 
adequately reproduce the flow profiles. As a minimum, gage locations 
shall be opposite the ends of the upper and lower guard walls, 15 feet 
upstream and 300 feet downstream of the axis of the dam, and at 1,500-
foot intervals upstream and downstream of the ends of the upper and 
lower guard walls. Current directions and velocity measurements will 
be based on 10 foot diameter circular floats (prototype) submerged 9 
feet (prototype). 'Ihe St. Paul District Corps of Fngmeer5 will provide 
water surface profile data for the 1965 flood of record (11l,000), and 
for discharges of 38,000 CFS and 93,000 CFS to be used for model 
verification. If available, the St. Paul District Corps of Engineers 
will provide the results of flow measurements in the vicinity of Buck 
Island to aid in the verification of the model. Final model calibration 
shall be subject to the approval of the Corps of Engineers. 

6. Ease Tests for Navigation (Existing Conditions With No Powerhouse). 

a. Velocities and Current Directions. For test conditions 
described herein, velocities, current directions and water surface 
elevations shall be determined over the entire model lIDless otherwise 
stated by means of 10-foot diameter floats (prototype) submerged to a 
depth of 9 feet (prototype). Test results shall be displayed on plates 
as shown on Enclosure 2. 

Hote: Gates 19 am 20 shall remain closed tmder all flow caxH.t1cms. 

(1) With upper pool elevation 681.0, operate ta1nter gates for 
the following river discharge conditions. See Enclosure 3, Reservoir 
Regulation Manual Appendix 2, Locks and r:am No.2. 

(a) Gates 8, 9,10 and 11 open 0.8 foot each; 
River Discharge 2,100 cfs; Tailwater 615.15 

(b) Gates 2, J.j, 6, 8, 9, 10 and 11 open 1.0 foot each; 
River Discharge 5,400 cfs; Tallwater 615.35 

(2) With upper pool elevation 686.5, operate ta1nter gates for 
the following river discharge conditions. 

(a) Gates 1-7 open 1.0 foot each, 
Gates 8-11 open 2.0 feet each; 
River Discharge 11,000 cfs; Tailwater 675.76 

(b) Gates 1-11 open 2.0 feet each, 
Gates 12-18 open 1.5 foot each; 
River Discharge 22,000 cfs; Tailwater 677.10 

(c) Gates 1-7 and l2-l8 open 4.0 feet each, 
Gates 8-11 open 4.5 feet each; 
River Discharge 38,000 cfs; Tailwater 681.0 
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(d) All gates out of the water; 
River Discharge 61,000 cfs; Tailwater 685.6 

(3 ) Uncontrolled R1 ver Flows. 

(a) All gates fully open; maxirrn.ml navigation flow, 
River Discharge 93,000 cfs, 
Pool 689.0, Tailwater 688.2 

(b) All gates fully open; 1965 flood condition 
171,000 cfs, Pool 696.3, Tailwater 695.6 

(4) With all gates fully open, take water surface elevations 
only for the following river discharge conditions: 

(a) 83,000 cfs (10 percent chance exceedence frequency 
flood), Pool 689.0, Tailwater 688.2. 

(b) 138,000 cfs ( 2 percent chance exceedence frequency 
flood), Pool 694.0, Tailwater 693.2. 

(c) 166,000 cfs (1 percent chance exceedence frequency 
flood), Pool 696.0, Tailwater 695.3. 

b. Navigation Tests. The Corps will check navigation conditions 
by operation of a model towboat for comparison purposes. The 
contractor will supply two barge tows: 

(1) A typical 15 barge tow, 105 feet wide by 975 feet long 
sutmerged 9 feet (prototype). 

(2) A typical 9 barge tow, 105 feet wide by 585 feet long 
sutmerged 9 feet (prototype). 

The Corps will furnish the model towboat. Photographic documentation 
of such tests will be required. 

7. Navigation Tests With Proposed Powerhouse in Operation. 

a. Velocities and Current Directions. Using floats as described 
in paragraph 6. a., determine velocities and current directions over 
the entire model for the following steady flow operations: 

(1) With upper pool elevation 687.0, operate powerhouse units 
as follows: 

(a) Each unit separately (2,700 cfs, maximum discharge 
per unit); River Discharge 2,700 cfs (all gates closed). 
Tailwater: 675.15 
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(b) Both units s1multaneously (5,400 cfs total discharge 
of 2 units); River Discharge 5,400 cfs (all gates closed). 
Ta1lwater: 675.35. 

(2) With upper pool elevation 686.5 and maximum total 
discharge through powerhouse 5,400 cfs, operate the tainter gate 
openings as shown for the following river discharge conditions: 

(a) Gates 8, 9, 10 and 11 open 1.5 feet; 
River Discharge 11,000 cfs; Tailwater 675.76 

(b) Gates 1-7 and 12-18 open 1.0 foot; 
Gates 8-11 open 2.0 feet; . 
River Discharge 22,000 cfs; Tai1water 677.10 

(c) Gates 1-7, l2-18 open 3.0 feet; 
Gates 8-11 open 4.0 feet; 
River Discharge 38,000 cfs; Tai1water 681.0 
(Discharge just below powerhouse shutdown.) 

(d) All gates out of the water; 
River Discharge 61,000 cfs; Ta11water 685.6 

(3) Uncontrolled River Flows. 

(a) All gates fully open, powerhouse closed, maximum 
navigation flow: River Discharge 93,000 cfs, Pool 689.0, Tai1water 
688.2. 

(b) River discharge 171,000 cfs (1965 flood condition), 
Pool 696.3, Tailwater 695.6. 

(4) With all gates fully open and the powerhouse closed, 
take water surface elevations only for the following river discharge 
conditions: 

(a) 83,000 crs (10 percent chance exceedence frequency 
flood), Headwater 689.0, Tailwater 688.2. 

(b) 138,000 cfs (2 percent chance exceedence frequency 
flood), Headwater 694.0, Ta11water 693.2. 

(c) 166,000 cfs (1 percent chance exceedence frequency 
flood), Headwater 696.0, Tailwater 695.3. 

Test results for this series will be compared with Base Navigation 
Tests of Para. 6 for any indication of adverse conditions. It is 
required that the powerhouse have no adverse effects on navigation 
condi tions or flood height as determined by the Corps of Engineers. 
The Corps will check navigation conditions by operation of a model 
towboat. D:>cumentation of velocities and current directions and model 
towboat tests shall be as described in paragraph 6 above. 

42 



/ 

b. Surge Tests. Velooity (0.6 depth) and surge profiles resulting 
from powerhouse operation starts and stops with minimum tailwater 
elevation shall be developed at three locations along a line coinoident 
with the centerline of the look and extending in a downstream • 
direotion: end of lower guard wall, 1,000 feet, and 2,000 feet 
downstream of the end of the lower guard wall. Velooity and water 
surfaoe elevation measurements shall be obtained for the following 
powerhouse operations: 

(1) With upper pool elevation at 687.0 and tailwater at 
elevation at 675.35 open the two units instantaneously to maximum 
discharge capaoity (zero river flow). 

(2) With upper pool elevation at 687.0 and tailwater elevation 
at 675.35 and two units operating at maximum discharge capaoity, olose 
the two un1 ts 1nstananeously ( zero river flow). 

(3) With upper pool elevation 687.0 and tailwater at 675.15 
intitially, open unit 1 to maximum disoharge oapacity (zero river 
flow) • 

(4) Same as 3 above, for unit 2. 

Test results shall be presented on plates similar to that shown on 
Enclosure 4. It is required that velocities and surges have no adverse 
effects on navigation conditions as determined by the Corps of 
Engineers. The Corps will cheok navigation conditions by operation of 
a model towboat. Photographic documentation of suoh tests will be 
requjred. 

8. Rights Reserved. During the course of the model study, the Corps 
reserves the r:tght to request additional information as indicated by 
the results furnished and observations. Arrangements shall be made by 
the licensee for periodic conferences to review and discuss data 
obtained and observe the model in operation, particularly during 
critical phases of the investigation. The first visit to the model 
will be scheduled following calibration. Progress reports will be 
furnished to the Corps monthly and subsequent visits will be based on 
completion of critical tests. A schedule of model study testing with 
significant milestones identified shall be provided to the St. Paul 
District Corps of Engineers before model construction carrmences. 

9. Summary of rata and Results. Summary reports will be furnished 
after completion of each significant test, to include summary of 
results obtained, data, photographs (including time-exposure showing 
the path of model tow), and future schedule. Upon completion of all 
testing, a final report will be provided to the Corps comparable to WES 
Technical Report No. ffi..-79-l7. This will include photographs, data, 
summary of results, and conclusions. The report will include a 
statement of model accuracy ooncerning water-surface elevation, 
velocity measurements, and bed configurations. 
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STATION 3 

VELOCITIES AND SURGES 
PLAN A 

rOWERHOUSE DISCHAROE 0-27.POO CFS 
SIMULTANEOUS LOCK EUI'TYINQ 
AIVER DISCHARGE 27,!boo C-FS 
INITIAL TA.ILWATEA EL '12&.0 
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February 6, 1987 

Eng1neering 
Geotechnical, HydraulicllI and Hydrologio Engineering 

St. Anthony Falls Hydraulio Laboratory 
Department of Civil and Mineral Englnaering 
University ot' Minnesota 
Mississippi Rlv~r at Third Ave. S.E. 
Minneapolis, Minnesota 55414-2196 

Dear' Professor Stefan: 

The following additional tests should be oonduoted w1th the 
propo5ed powerhouse in operation and with the recommended rook dike in 
place in the physical model being used to study the effects of the new 
hydropower plant at Lock and Dam 2. 

Velocities and Current Direotions 

Using floats as desoribed 1n paragraph 6a., of the "Requirements 
for Hydraulic Model Study" dated June 24, 1986, determine veloci ties 
and current direotion. over the entire model downstream of the Lock and 
Dam only, for the following steady flow oonditions. 

1. Witn upper pool elevation 687.0, operate p6werhouse units as 
follows: 

a. Eaoh unit separately (2,700 ofs, maximum dlsoharge per unit); 
River Disoharge 2,100 ofs (all gates olosed). Ta1lwater: 675.15. 

b. Both units simultaneously (5,400 ofe total discharge of 2 
units); lUver Discharge 5,400 ofa (all gates olosed). Tailwater: 
675.35. 

2. With upper pool elevation 686.5 and maximum total disoharge 
through powerhouso 5,400 ofs, operate the tainter gate openings ~5 
shown for the following river disoharge oonditions: 

l'J.. Oates 8, 9, 10 and 11 open 1.5 feet j 
River Disoharge 11,000 ors; Tailwater 675.76. 

b. Oates 1-1 and 12-18 open 1.0 footi 
Gates 8-11 open 2.0 feet; 
R1veF Disoharge 22,000 of a; Tailwater 677.10. 

c. Gatea 1-7, 12-18 open 3.0 feet; 
Gates 8-11 open 4.0 feet; 
River Discharge 38,000 or~; Ta11water 681.0 
(Discharge just below power'houee shutdown. 
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3,. Onoontrolled JU vel' Flows. RPomerleau/jj/5940 

Determine velooities and ourrent direotions over the nav1gation 
ohannel only downstream of the look and dam. With upper pool elevation 
686.5 and maximum total disoharge througb powerhouse 5,400 ofs, operate 
the tainter gate openings as shown for the following river disoharge 
oonditions. 

a. All gates out of the water; River Disoharge 61,000 ots; 
Ta11water 685.6. 

Spot Velooities 

Spot velocities should be taken at the looations shown on 
EnclosuI'e 1 with base oonditions (existing oond1 tiona with no 
powerhouse) and for the final reoommended dike plan oondl tiona. The 
velonitie:! should be taken' ne,8l" .. the ohannel bottom. The measurements 
should be taken for Hissi3s1ppi River disoharges of 5,400 ofs, 11,000 
ofs and 38,000 ora. Pool, tailwater and gate openings for each 
disoharge should be as described in paragraph 7 of the "ReqUirements 
for Hydraulio Model Study". 

If you have any questions, please contaot Tom MoAloon at 725-7378 
or Rioh Pomerleau at 725-5940. 

S1ooerely, 

Helmer O. Johnson 
Chief, Geotechnioal, Hydraulios and 

Eno Hydrologio Englneering Branch 
as 

CF: Ronald Wooley WRS 
Gary Brown City of Hastings 
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REPLY TO 
ATIENTION OF 

DEPARTMENT OF THE ARMY 
ST. PAUL DISTRICT. CORPS OF ENGINEERS 

1135 U.S. POST OFFICE & CUSTOM HOUSE 

ST. PAUL. MINNESOTA 55101·1479 

August 22, 1987 

Professor Heinz G. Stefan 
University of Minnesota 
St. Anthony Falls Hydraulics Laboratory 
Department of Civil and Mineral Engineering 
Mississippi River at Third Street SE 
Minneapolis, Minnesota 55141-2196 

Dear Professor Stefan: 

Model studies for the Lock and Dam 2 Hydropower facility appear to be 
complete. In regard to the testing of the impacts of the hydropower 
facility on the downstream shoal, we recommend that the SAFHL conduct 
photo documentation of the tests conducted on August 14, 1987. It is 
normal procedure for model studies conducted at WES to do drift-body 
float photo documentation of final tests such as those conducted. We 
believe it would be in the best interest of the City of Hastings and 
the SAFHL to document such tests should problems arise in the prototype 
in the future. 

Specifically, the following test conditions should be documented. 

1. 5,400 CFS Existing Conditions 
2. 5,400 CFS 
3, 5,400 CFS 

With 100-foot scour channel 
With Maximum scour configuration 

4. 22,000 CFS Existing Conditions 
5. 22,000 CFS With 100-foot scour channel 
6. 22,000 CFS With Maximum scour configuration 

7. 38,000 CFS Existing Conditions 
8. 38,000 CFS With 100-foot scour channel 
9. 38,000 CFS With Maximum scour configuration 

Please call Mr. Ron Wooley at the Waterways Experiment Station at 
601-634-3340 to determine the exact type of documentation. 

Sincerely, 

Chief, eotechnical, Hydraulic 
and Hydrologic Engineering Branch 
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REPLY TO 
ATIENTION OF 

DEPARTMENT OF THE ARMY 
ST. PAUL DISTRIOT, OORPS OF ENGINEERS 

1135 U.S. POST OFFIOE & OUSTOM HOUSE 

ST. PAUL, MINNESOTA 55101-1479 

09 Oct 1987 

Engineering Division 
Geotechnical, Hydraulics, and 
Hydrology Branch 

Professor Heinz G. kt~ 
University of MinnJ~;--' 
St. Anthony Falls Hydraulics Laboratory 
Department of Civil and Mineral Engineering 
Mississippi River at Third Street SE 
Minneapolis, Minnesota 55141-2196 

Dear Professor Stefan: 

Please refer to the August 22, 1987 letter regarding documentation 
of the Lock and Dam 2 Hydropower model tests. Further communications 
with Waterways Experiment Station (WES) personnel suggest that the 
documentation method may be changed and still retain study integrity. 
Our August 22, 1987 letter is hereby modified to read as follows: 

Specifically, the following test conditions should be documented. 

l. 5,400 CFS 
2. 5,400 CFS 

3. 22,000 CFS 
4. 22,000 CFS 

5. 38,000 CFS 
6. 38,000 CFS 

7. 61,000 CFS 
8. 61,000 CFS 

With 100-foot scour channel 
With Maximum scour configuration 

With 100-foot scour channel 
With Maximum scour configuration 

With 100-foot scour channel 
With Maximum scour configuration 

With 100-foot scour channel 
With Maximum scour configuration 

The photo-documentation may be replaced with computer generated 
vector plots for each of the tests. 

Since~:y), _p' 

, .- ~ r / / ??/ 
(

'\ (~"'/'/ I A' .( .1' .... ~ 
i/ tf4{, ~t 1-::-/ ~3L. '~Jc4 Fi/,~/ 
HELM R O. JOHNSON '/ 

\
, <f.~1 Chief, Geotechnical', Hydraulic 

", and Hydrologic Engineering Branch 
) 
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VEL~CITIES IN FEET PER SECllND 
ELEVRTIllNS REFERRED TCI MSL 

ST. RNTHaNT FRLLS H,DRRULIC lRBaRRT~R, 
1987 

Figure C-7 
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ST. ANTH~N, FALLS H,DRAULIC LAB~RATOR, 
1987 

Figure C-ll 
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1987 

Figure C-12 



0'1 
0'1 

-1.7 --1"9~2.2~2.r------=. 
~2.0 !> 1.9 !> 1.9 !> 2 2 '".O~ ~2 1-!l---2" ~ ~ 2 5~ 2.:22::-::::1i>i>=:::::-;-~--'---------:---:-:::-~l.S • . --I>-2'S 2.S~ 2.3 ___ 22--+-21 __ 1.S--1.6~ _1"6~1.S____ J>--2 6-!l---2'S --t>--2 s 2.5 --2'~~2·5_~2·I<~2.2~2.1~ 

\. 9 2 \i---' • ----l)---2:7~~ -!>--2 S . ----v- • --2.3~ 
\ 9----- • ? 3---::::=2:2---2. 3 II 2.Y--I>-2 3 _2J~~:g==t==~:§===::=~:ij==t:=H==r-2.6----b-

_ • ____ • ~. 2 3 __ 2 1-!l---2'1~2 Y -!>--2.Y~ 2.5~2.5 __ 2.6--!>---2.6~ 
~ _\. 9 3--- . . . -&---- . ~ 2 y---

_ .....--\..9- ________ . ~~. _1.1~1.1<~1.5--1>----21'0~ 21·3~2:1----:' 2·6~~:~:::::t==:2.5--!) 
_l.\i..--Y .1~ '2.'\ __ .S~ .1'1----+-1.6--2. 2.1----.,;. 

-Ef 

............... \ ~ __ O.S 1.S 1 S-1)--i·@:::=:l1; 
• .....--?.~~ 0.3 ==:::::t::: B. g ~ 1. Y ----.,.--t:~~ 1:5 ::::== 1:9 ~ 

_1.5~0. . ~O.8~ ~\"6 \. B~::r-l> ,.L.,=, = ~ _1.1< \. 3X\:'5 
\.'0 - O. 6 ----b- .K 1. '3 -l>- 1.3 :::=ol·~·~---',..I------

~ v O _0.6 _0· ,,-
I 

2.0+1.6-

~---20 
\"~~-2:8~~.~~ -25--.......---2 . ~- . ~ --,:'==::=,., '.8~ -'" 

~,., -,., ............ _,.,------;.,-------,. ,~,. '=!.-,.,-'" ~'.'-------- --,.,~ .'~,.,---,., '.' 
::-... <., ------- -'.'---<':=::'. '~,. '--""'-..... -.;:+§~ -,.,~ '"'""""-"--'.'-' .,:::::: -'.''"''.' ,.,-------, ,.S--..,.. '"~ "~l.'--, =-'.'-.. •• - .'~,.,----=?, ~'''~ '.'---> ..... -, '.,~:'.8""'~_, ,_ ~'.' ___ '"'--"'- ,., -f·~*";.;:'L . ~,.,_ ~'.S--.-, ,--> 

• 1.8~:::f:g~2.9~2 3 ___ -22----.,.-- . ___ --'-1_ <1-~ ~ • ___ • 

LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
B~TH TURBINES ~PERRTING 

DISCHRRGE.CFS 38000 
P~~L ELEV .• FT 686.5 
TRILHRTER ELEV .• FT 681.0 
- 1.1 --l> VEUJCITi USING 9 FT FUJRT 
.. ·· .. ···1.1 .... -.. ~ VEUJCITi USING 5 FT FLLlRT 

VELLICITIES IN FEET PER SECLIND 
ELEVRTILINS REFERRED TLI MSL 

ST. ANTHONl FALLS HlDRAULIC LABORATORl 
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TABLE E-1 

LOCK AND DAM NO. 2 - WATER SURFACE PROFILES 

(A11 elevations 1n feet above mean 8ea level, 1912 adjustment) 

38,000 cts 93,000 cfs 171,000 cfs 2700 ds 5400 ds 

Witb With 
Rase B8se Base Powerhouse Powerhouse 

Mile Above P .... ototype Model Prototype Model P .... ototype Model Base Riverward Landw ..... d Base With 
Ohio River Data D.ta Data Data Data Data Test Turbine Turbine Teat Powe .... hou.e 

814.45 680.8 680.8 688.9 689.1 695.5 695.5 675.2 675.2 675.2 675.4 675.4 
814.55 680.9 689.1 695.5 675.3 675.3 675.2 675.4 675.4 
814.74 680.9 689.2 695.5 675.2 675.3 675.2 675.5 675.5 
815.0 681.0 680.9 689.2 689.1 696.1 695.75 675.2 675.2 675.2 675.4 675.4 
815.1 681.1 689.1 695.6 675.2 675.3 675.3 675.4 675.4 
815.2 686.3 689.2 695.5 687.0 686.9 687.0 687.0 687.0 
815.4 686.5 686.6 690.0 689.8 697.1 696.75 687.0 687.0 687.0 687.0 687.0 
815.7 686.6 690.1 697.1 687.0 687.1 687.1 687.2 687.1 
816.0 686.6 690.1 697.1 687.0 687.0 687.0 687.0 687.0 
816.25 686.6 690.3 697.5 687.0 687.1 687.1 687.1 687.0 
816.4 686.6 686.7 690.3 690.3 697.5 697.6 687.1 687.1 687.1 687.1 687.1 

11,000 cfs 22,000 cfs 38,000 cfs 61,000 cts 93,000 cfs 

Mile Above Base With Base With Base With Base With Base With 
Ohio River Test Powerhouse Test 'Powerhouse Test Powerhouse Test Powerhouse Test Powerhouse 

814.45 675.1 675.7 677.1 677.1 680.8 680.9 685.8 685.8 689.1 689.2 
814.55 675.7 675.7 677.1 677.1 680.9 680.9 685.8 685.8 689.2 689.2 
814.74 675.8 675.7 677.2 677.2 680.9 681.0 685.9 685.9 689.2 689.3 
815.0 675.7 675.8 677.2 677.2 680.9 680.9 685.8 685.8 689.2 689.2 
815.1 675.8 675.8 677.3 677.2 681.1 681.1 685.9 685.9 689.3 689.3 
815.2 686.5 686.4 686.4 686.5 686.3 686.4 685.9 685.8 689.2 689.3 
815.4 686.5 686.5 686.5 686.5 686.6 686.5 686.4 686.3 689.9 690.1 
815.7 686.6 686.7 686.6 686.6 686.6 686.6 686.5 686.5 690.1 690.3 
816.0 686.5 686.5 686.5 686.5 686.6 686.5 686.5 686.5 690.1 690.2 
816.25 686.6 686.6 686.5 686.5 686.6 686.6 686.7 686.7 690.3 690.4 
816.4 686.6 686.6 686.5 686.6 686.7 686.7 686.8 686.8 690.3 690.5 

171,000 ct. 83,000 cfs 138,000 cfs 166,000 cfs 

MUe Above Base With Base With Base With Base With 
Ohio River Test Powerhouse Test Powerhouse Test Powerhouse Test Powerhouse 

814.45 695.~ 695.5 688.l 688.1 693.1 693.1 695.1 695.1 
814.55 695.5 695.5 688.1 688.1 693.1 693.1 695.1 695.1 
814.74 695.6 695.6 688.2 688.1 693.1 693.1 695.2 695.2 
815.0 695.6 695.6 688.2 688.1 693.1 693.0 695.2 695.2 
815.1 695.7 695.7 688.3 688.3 693.1 693.·2 695.2 695.2 
815.2 695.7 695.7 688.3 688.3 693.0 693.2 695.3 695.3 
815.4 696.6 696.7 688.9 688.9 693.9 694.2 696.2 696.2 
815.7 697.0 697.0 689.1 669.0 694.2 694.5 696.5 696.6 
816.0 697.0 697.1 689.1 689.1 694.3 694.5 696.6 696.6 
816.25 697.1 697.2 689.3 689.3 694.4 694.7 696.7 696.7 
816.4 697.2 697.3 689.3 689.4 694.4 694.8 696.7 696.7 
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- 1.1 ---+ VELllCITi USING 9 FT fLllAT 
-···-·l.l··-···~ VELllCITi USING 5 FT fLllRT 

VELllCITIES IN FEET PER SECllND 
ELEVRTIllNS REfERRED Tll MSL 

ST. ANTH~Ni FALLS HiDRAULIC LAB~RAT~Ri 
1987 

Figure G-3 
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LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
WITH POWERHOUSE RND DIKE 

DISCHRRGE.CFS 11000 
POOL ELEV .. FT 686.5 
TRILWRTER ELEV .. FT 675.8 
- 1.1 ~ VELClCITi USI NG 9 FT FLClRT 
......... 1. 1 •... _.j). VELClC ITi US I NG 5 FT FLClRT 

VELClCITIES IN FEET PER SECClND 
ELEVRTIClNS REFERRED TCl MSL 

ST. ANTH~N, FALLS H,DRAULIC LAB~RAT~RI 
1987 

Figure G-4 
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LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
WITH P~WERH~USE RND DIKE 

DISCHRRGE.CFS 22000 
P~~L ELEV .. FT 686.5 
TRILWRTER ELEV .. FT 677.1 
- 1.1 ----j» VELClCITi USING 9 FT FLLlAT 
......... 1.1 .... -.~ VELLICITi USING 5 FT FLLlRT 

VELLICITIES IN FEET PER SECLIND 
ELEVRTIClNS REFERRED TCl MSL 

ST. RNTH~Ni FRLLS HiDRAULIC LRB~RRT~Ri 
1987 

Figure G-5 
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LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
WITH P~HERH~USE RND DIKE 

DISCHRRGE,CFS 38000 
P~~L ELEV.,FT 686.5 
TRILWRTER ELEV.,FT 681.0 
- 1.1 ~ VELCICITI USING 9 FT FLClRT 
._ ...... 1.1 ....... 1> VELCICITi US I NG 5 FT fLClRT 

VELCICITIES IN FEET PER SECCINO 
ELEVRTICINS REFERRED TCI MSL 

ST. RNTH~N, FRLLS H,DRRULIC LABORRTOR, 
1987 

Figure G-6 
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LOCK RND DRM NO, 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
WITH P~WERH~USE RND DIKE 

DISCHRRGE,CFS 61000 
P~~L ELEV .. FT 686.~ 
TRILWRTER ELEV .. FT 685.8 
- 1.1 ----+ VEUICITi USING 9 fT FLLlRT 
--------1.1-------~ VELLlCITi USING 5 fT FLLlRT 

VELLJCITIES IN FEET PER SECLlND 
ELEVRTILlNS REFERRED TLl MSL 

ST. ANTH~N, FALLS H,DRAULIC LAB~RAT~R, 
1987 

Figure G-7 
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L~CK RND DRM NO. 2 - SP~T VELDCITIES 
MERSUREMENT LOCRTIONS 

ST ANTHDNT fALLS H,DRRULIC LRBORRTDR, - 1987 

Figure G-8 

4' + 
SO FT 

l:: + 
so FT 

l:: + 
SO FT 

.l:: + 
so FT 

l:: + 
so FT 

l:: + 
SO FT 

+ 

50 IT I + 
so FT 

+ 
so FT 

:stz + 



o 
o 

~J 1 
"'--

01<> 

~J ~<? 
"f/?.6 

~:3 ~3 
~3 

~I,J ~3 
D~ ~./ ~1 

1J>~k,.\. .£~ ~.:3 
,.-> 

/ rs«6' 
1If.¥ #..-" 

~6' 
Ilf.¥ ,g,s> 

~3 
,g~ -R-a " 
I!f? g 

l\l ~ 

~,s> 0 
\5?"~ 

~2 0 
~.? 

LOCK RND DRM NO. 2 - SPOT VELOCITIES 
BRSE TEST 

DISCHRRGE,CFS 5~OO 

TRILWRTER EL.,FT 675.4 
VEL~CITIES IN FEET PER SEC~ND 
VEL~CITIES MERSURED 3 FT RBOVE BED 
ELEVRTIONS REFERRED TO MSL 

ST ANTH~NI FALLS H,DRAULIC LAB~RAT~R, - 1987 

Figure G-9 
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LOCK RND DRM NO. 2 - SPOT VELOCITIES 
WITH P~WERH~USE RND DIKE 

DISCHRRGE.CFS 5400 
TRILWRTER EL .. FT 675.ij 

VEL~CITIES IN FEET PER SEC~ND 
VEL~CITIES MERSURED 3 FT RB~VE BED 
ELEVRTI~NS REFERRED T~ MSL 

ST ANTH~NT FALLS HTDRAULIC LRBORATORT - 1987 

Figure G-lO 
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LOCK RND DRM NO. 2 - SPOT VELOCITIES 
BRSE TEST 

DISCHRRGE,CFS 11000 
TRILWRTER EL.,FT 675.8 

VELGCITIES IN FEET PER SECGND 
VELGCITIES MERSURED 3 FT RBGVE BED 
ELEVRTIGNS REFERRED TG MSL 

ST RNTH~NY FRLLS HYDRRULIC LRB~RRT~RI - 1987 

Figure G-ll 
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LOCK RND DRM NO. 2 - SPOT VELOCITIES 
NITH PDNERHDUSE RND DIKE 

DISCHRRGE CFS 11000 VELOCITIES IN FEET PER SECOND 
, VELOCITIES MERSURED 3 FT RBOVE BED 

TR I LNRTER EL., FT 675.8 ELEVRTIl'lNS REFERRED TO MSL 

5T RNTHON, FRLL5 H,DRRULIC LRBORRTOR, - 1987 

Figure G-12 

D.~ 

1.~ 

2.1 
---J?> 

2.0 
------f:;. 

1.9 
~ 

2·0 
~ 

1.7 
~ 

1.3 
-----+ 
O~ 

0 
4~ 



o 
.po. 

0 
ty'/ 

~O 

- - --~--- ---

.7 .!.;> .& 
~ :\ ~ r ;-

~ 
.& 

rv ~ 
~oObO i 

\)~ Or,) 

~o, ~ 
~ 

/ I 
r-... ./ 

\) ciJ ~ V 
tZ' 0) ..-

1.1- '{j r <t- \)? 0 

~2 
't!5. ~-l 

" 
0 0 
ci./ ~ 

CJ 0 
CJ41 i.-.Y 

~ 
0 
~.7 

o~ 1 o~ 1 

LOCK RND DRM NO. 2 - SPOT VELOCITIES 
BRSE TEST 

DISCHRRGE,CFS 
TRILWRTER EL.,FT 

38000 
681.0 

VELDCITIES IN FEET PER SECDND 
VELDCITIES MERSURED 3 FT RBDVE BED 
ELEVRTIDNS REFERRED TD MSL 
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Figure G-13 
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LGCK RND DRM N~. 2 - SPGT VELGCITIES 
WITH P~WERH~USE RND DIKE 

DISCHRRGE,CFS 38000 
TRILWRTER EL.,FT 681.0 

VELOCITIES IN FEET PER SECOND 
VELOCITIES MERSURED 3 FT RBOVE BED 
ELEVRTIONS REFERRED TO MSL 

ST ANTHcrNI FALLS HYDRRULIC LABORATORY - 1987 

Figure G-14 
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CURRENT DIRECTION AND VELOCITY 

DATA FOR TWO SCOUR SCENARIOS 
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LOCK RND DRM NO.2' 
VELOCITIES RND CURRENT 

DIRECTIONS 
P.H. ~ 100 FT 5C~UR CHRNNEL 

DI5CHRRGE.CF5 5~00 
P~~L ELEV.,FT 687.0 
TRILWRTER ELEV .. FT 675.~ 
- 1.1 -----s> VELLICITi USING 9 FT FLrJRT 
· .... · .. ·1.1 ....... !)- VELLICITi USI NG 5 FT FLrJRT 

VELLICITIES IN FEET PER SECLIND 
ELEVRTILINS REFERRED TLI MSL 

ST. ANTHONi FALLS HiDRAULIC LABORATORi 
1987 

Figure H-I 
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LOCK RND DRM NO" 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
POWERHOUSE & MRXIMUM SCOUR 

DISCHRRGE.CFS 5400 
POOL ELEV .• FT 687.0 
TRILWRTER ELEV .• FT 675.4 
- 1.1 ~ VEUJC ITi US I NG 9 FT FUJRT 
·········1.1 ....... ~ VEUJCITi USING 5 FT FLI:JRT 

VELI:JCITIES IN FEET PER SECI:JND 
ELEVRTII:JNS REFERRED TI:I MSL 

ST. ANTHONY FALLS HYDRRULIC LRBORATORY 
1987 

Figure H-2 
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LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
P.H. ~ 100 FT SCOUR CHRNNEL 

DISCHRRGE.CFS 22000 
POOL ELEV .. FT 686.5 
TRILWRTER ELEV .. FT 677.1 
- 1.1 -----£> VEU:JCITi U5ING 9 FT FL('JAT 
·········1.1 ....... ~ VEL('JCITi U5ING 5 FT FL('JAT 

VEL('JCITIES IN FEET PER SEC('JND 
ELEVATI('JN5 REFERRED T('J M5L 

ST. RNTH~Ni FALLS HiDRRULIC LAB~RAT~Ri 
1987 

Figure H-3 
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LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
POHERHOUSE ~ MRXIMUM SCOUR 

DISCHRRGE.CFS 22000 
POOL ELEV .. FT 686.5 
TRILHRTER ELEV .. FT 677.1 
- 1.1 ~ VEU'lCITi USING 9 FT FLLJAT 
--------- 1.1 ------» VELLJCITi USI NG 5 FT FLLJRT 

VELLJCITIES IN FEET PER 5ECLJND 
ELEVRTILJN5 REFERRED TLJ MSL 

ST. ANTHON, FALLS HYDRAULIC LABORATOR, 
1987 

Figure H-4 
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LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
P.H. & 100 FT SCOUR CHRNNEL 

OISCHRRGE.CFS 38000 
POOL ELEV .. FT 686.5 
TRILWRTER ELEV .. FT 681.0 
- 1.1 ----+ VEL~CITi USING 9 FT FL~RT 
......... 1. 1 ....... ~ VEL~C ITi US I NG 5 FT FLrJRT 

VELrJCITIES IN FEET PER SECrJND 
ELEVRTI~NS REFERRED T~ MSL 

ST. ANTHON, FALLS H,DRAULIC LABORRTOR, 
1987 

Figure H-5 



w 
~1.;2-+-1'3-1!>--2.7~2.8----+ _2.8 

- "'!ci::;",~~ '~"' ___ "'-' ,.,--' 0·' -1.,.. ",--, ~"' ____ "-----...-,,___ ~ 
-1. '<, -1., .. 1., *-, , ---7., -":;'::::"'::::--.... . ,.l ~ 

" -7., ... " -':'=::::t-..7"~7'S-"""=~I~.--, 
,.L,""J ="'~..... 7.,~_",-+---,.,--->--c.,=---,. ,.' 

S.,<, -7,,->--,., ___ ,., _'''--:::,.,--..-- --> 

~ -'·'==:......'·,~!'~-7.'=o---,., 2''''&.-_2.7 1 ~3.1 =---_...l..-_--=------=--= ___ 

LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
P~WERHDUSE & MRXIMUM SCDUR 

DISCHRRGE.CFS 38000 
PD~L ELEV .• FT 686.5 
TRILWRTER ELEV .. FT 681.0 
- 1.1 ----!> VELLlCITi USING 9 FT FLlJAT 
········-1.1-······1)0 VELLlCITi USING 5 FT FLlJAT 

VELLICITIES IN FEET PER SEClJND 
ELEVATILINS REFERRED TLI MSL 

ST. ANTHONY FALLS HYDRAULIC LABORATORY 
1987 

Figure H-6 
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LOCK RND DRM NO. 2 
VELOCITIES RND CURRENT 

DIRECTIONS 
P.H. & 100 FT SCOUR CHRNNEL 

DISCHRRGE,CFS 61000 
POOL ELEV.,FT 686.5 
TRILWRTER ELEV.,FT 685.8 
- 1.1 --l> VELCJCITi USING 9 FT FLCJRT 
-------- 1.1 ------\> VELCJC ITi US I NG 5 FT FLCJRT 

VELCJCITIES IN FEET PER SECCJND 
ELEVRTICJNS REFERRED TCJ MSL 

ST_ ANTHONi FALLS HYDRAULIC LABaRRT~Ri 
1987 

Figure H-7 
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L~CK RNO ORM N~. 2 
VEL~CITIES RNO CURRENT 

OIRECTI~NS 

POWER HOUSE & MRXIMUM SCOUR 

DISCHRRGE.CFS 61000 
POOL ELEV .. FT 686.5 
TRILWRTER ELEV.,FT 685.8 
- 1.1 ~ VELCICITi USING 9 FT FLClAT 
-------- I.! -------~ VELCICITi USING 5 FT FL()AT 

VEL()CITIES IN FEET PER SEC()ND 
ELEVATI()NS REFERRED TCI MSL 

ST. ANTHON, FALLS H,DRAULIC LABORATOR, 
1987 

Figure H-8 


