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MODEL-PROTOTYPE CORRELATION OF GOF?ERDM CLOStRE 

Closure of the second-step cofferdain, MoNary Ds $ 

begun on Ootber 10, 1950. This alo8ure unique int*t it 

W*8 TfldO With 12-ton concrete blocks of tetrahedral shapes the 

firt time on record that a closure of this menitude hd been 

made by this method. Model teste wore nado prior to and during 

the actual oofferdrn olo8ure, and the reu1ts were incorporated 

into the prototype construction chedu1e. This thesis presents 

the results of studies made on a 1:24-scale model of the closure 

section with particular emphasis on the model-prototype comparison 

of fill construction. The model was constructed at MoNary Dein 

during October. 1950, and tenting was completed November 18, 1950. 

Operation of the model s carried out under the direction of 

the a11a Walla District, Corps of Eflgineers with personnel of 

the Bonneville Hydraulic Laboratory i dirèct charge of model 

construction and operation. 

MoNary D&m, located on the Columbia River approximately 

3 milos upstream from Umatilla, Oregon, is principally a pour 

and navigation improvement dam. The powerhouse, spiliway, and 

navigation look are located in line as shown on Plate 1. The 

second-step cofferdain encompasses the powerhouse and remaining 

portion of the npill'way not completed during first-step construction 

(Photograph 1). During the time the second-step coffordata i8 in 

place, the river discharge is bypassed through 12 low bays (Eloy 

250) of the spiilway (Photograph 2). 
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The schedule on which McNary Darn is being constructed 

can be de8oribed briefly as follows; 

a. First-step construction including the navigation 

lock, Vash1ngton shore fishladder, and 13 bays of the spill- 

way was completed during the spring of 1950. This construction 

was done within the first-step coffordani which was located 

along the Washington shore. 

b. The second step included construction of Bays 14 

to 22 or the spiliway and the completo powerhouse substructure. 

The upstream leg of the secondetep cofferdarn was to be 

eornpletsd by January 1, 1951, and the downstream leg by May 1, 

1951. It e necessary that closure of the upstream leg of 

the second-step cofferdarn be completed on the above dato due 

to the flow characteristics of the Columbia River. If for 

any reason the cotferdarn would not have been cop1eted at this 

time, the suirnvor high water would postpone construction in this 

area until late surnaor of 1951, thus delaying the entire pro 

ject for approxiniately 1 year. 

o, Contracte for conipletion of the darn are scheduled 

in consecutive order so that power from Units 1 and 2 of the 
powerhouse wil]. be forthcoming by December 1, 1953. 

The second-step cofferdam of which the closure of the 
upstream log is the subject of this thesis is shown on Plate 1. 

It will be noted that the topography divided the river into two 

distinct channels at the darn eita. The channel along the Oregon 

shore was the original navigation channel. Construction plans called 
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for oornpletion of the upstream leg of the oofferdsm, except for the 

240-ft closure section in the Oregon ohannel, by No'vember i, 1ß50. 

With the upetreem leg of the oofferdain completed, work could pro- 

grosi on the downetrearn leg in quiet water. The oofferds ould 

be overtoppei during the summer high water periods as it was not 

designed te protect against flows in excess of 362 000 efe. 

Construction of the closure section was pl*nned as shown 

on Plate 2. Model tests in a gìasswalled flume at the Bonneville 

Hydraulic Laboratory had indicated that velocities up to 27 fps 

would occur over the downstream slope ei' the fill at come stages 

of construction. Resulta of investigations made previously, 

particularly those of S. V. Isbash', indicated that to resist 

overturning at 27 tpe, a round etone of 10 000 lbs. would be 

required. Stones of 16 000 lbs, would not overturn in velocities 

of 29 fps. Tetrahedral shapes (Photograph 4) were selected because 

of their physio*l characteristics of greater resistance to over- 

turning than rounded stones or concrete prisms. Reforring to Section 

A-A, Original Design, Plate 2, Zone i was designed as the tetrahedron 

portion of the fili. The secondary layer, Zone 2, was to ccnsist 

of "B" stone designated as being rook one ton or heavier. )ext, 

another layer of tate was to be placed along the downstream toe of 

the fill followed by another layer of "B" stone. TM procedure 

was to be followed until the fill was completed, at which time the 

impermeable layers of silt were to be placed on the upstream face 
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of the fill. On Plate 2 is also shown s typical eection of the fill 

as it was finally constructed. It will be noted that in general, 

this section is similar to the orìinal design although the out- 

line of the warious stae of construction varied from the design 

section. 

The model (Plate Z snd Photographs 3 and 5) was constructed 

st MoNary Dam. The major purpose for the model study was to provide 

information and visual observation of the fill characteristics at 

various stases of construction. Due to the fact that little infor- 

mation on closure of a ooffordam using this method was available, 
the model was used to illustrate the various problems involved and 

to give the construction engineers a better inaiht on how the 

fill was progressing during the various stages of construction. 
In all, six separate tests were made in the model, The first Cive 
of these tests ware run to observe fill construction for varying 
discharges and methods of construction, whereas, the sixth test 
duplicated the prototype fill construction to determine model- 

prototype conformity. 

odel bottom topography (Plate 3 and Photo'raph 6) was 

built to prototype soundings made by the Corps of Engineers in 1935, 

except for topography on the alignment of the upstream leg of the 

cofferdam which was built to soundings taken in 1948. During opera- 

tion of the model, it was noted that model soundings did not agree 

with additional prototype soundings taken during October 1950. 

Teste i to 5 were made with topography surveyed in 1935 and 

1948. Just prior to Test 6, the model bottom topography was revised 



to inolude 8oundlngs t*ken in the ru-er durinS October 1950. Plate 
4 shows a comparison of model topographr as installed for the various 
toots, It was observed that the river bank in the viciriit of the 
oofferdan wa very rough, end it W&3 assumed that the bottom topo- 

graphy would be of similar natt*re. Therefore, the model was 

roughened with stones 2 to 3 inches in diameter spaced approxirastely 

6 inches on center 'shich airnulatcd a prototype rouhess factor of 

approximately 0.038 in "Launins operi channel formula, A compari. 

eon of model and prototype bottom characteristics oan be made from 

Photographe 6, 50, and 51. Model flow conditions prior to the 

placement of tete are shown in Photograph 7. 

rest li At the time the model was completed end ready 

for operation, a total of' 439 tetrahedrons plus 2260 tons of "B" 

stone had been dropped in th prototype closure section. 

Tetrahedrons (to scale) were dropped, and B' stone was placed to 

the model under the same hydraulic conditions in effect during the 

dropping schedule in the river. Photographs 8 and 9 show the 

similarity f flow in model and prototype at this stage of 
construction, At the end of this run, the model wee unwatered, 

and the fil]. was sounded and contoured as shown on Plate 6. It 
was found that a good comparison existed between model and prote- 

type fLU contours. Progressing from that point, tete were 

dropped along a line 50 ft. downstream from the oofferden cónter- 

line on a schedule laid out by the construction engineers. During 

this second phase of Test 1, the model was controlled by the pool 
and tailwater elevations as indicated in the 1:100-scale McNary 
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General Model at the Bonneville Hydraulic Laboratory. Operation 

of the general model with the socond-atep cofferdarn in place and 

the fill at various elevations had determined pool and tailwater 

elevationa that would exist at various river stae; however, these 

data were approximate only because of an impervious fill in the 

model, a trapeotdal-ehaped fill in the model as contrasted to the 

sharp-crested prototype till, and questionable similarity of high 

topography near the spiliway. On October 28, 1950, the day this 

particular test wu begun, the river discharge was 117 000 cts, 

and ari operating curve for this discharge was assumed. Since 

facilities for measuring the percentae of river discharge being 

bypassed through the low bays of the spillway are lsckin, it 

was necessary to operate the model by pooi and tailter elevations 

by adjusting the water supply and tailgate. The flow passing 

through the spillway at varous stages of fill construction was 

difficult to estimate due to the high topography both upstream 

and downstream from the 8pillway section (Photographs 2 and 31). 

In this test, a total of 892 tete were dropped in the model 

together with 2260 taris of "B" stone. The test showed that better 

reults would accrue if the dropping lirio for tete 439 to 892 was 

moved 5 ft. upstream. 

An explanation of the prototype fill construction 

schedule is rteoessary at this time to show the manner in which it 

was developed. With the approximate bottom or fill elevation 

determined from soundings, the number of tetrahedrons necessary to 

raise the fill to a certain elevation was computed by assuming that 
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the upBtreein slope would be i on 1, the dovrntream slope i. on I 1/2 

and tht 45 per cent of' the fill would be voidi. These tetrahedrons 

were then scheduled to be dropped from oert1n pothte a1ori a line 
some distance downstream from the certer1ine of the cofferdan. 

The first croup of tots, O to 439, was dropped on a line 60 ft. 

downstream as indicated on Plato 10, and suooeedin groups were 

dropped at varions diataeesfroa the *nterline. How'rer, it 

developed in the model that fo11owin the schedule blindly u1d 

tend to leave low spots in the fill hich were evidenced by 

elicks' on the water zurfaco above them, A nslìcktI was defined 

in this particular case as an area of smooth water extending into 
the turbulent flow downstream from the fill (Photographs l and 34). 

It was extremely important that the fill be raised uniformly because 

low points in the fill were extremely diffioult to close. Therefore, 
it was decided that the schedule would act merely as s guide, and 

that it would be altered as low spots in the fill were indicated by 

slicks" on the water surface, 

The importent findizus of Test 1 were: (i) the second 

group of tets (439 to 892) should be dropred from a line 45 ft. 
rather than 50 ft. downstream from the centerline of the cofferdarn, 

end (z) that the dropping schedule should be altered as 'alicks" 

appeared on the water surface at the time the tots were being 

dropped to prevent the occurrence of low spots in the fill. 

Test 2: The second test consisted of constructing a fill 
by dropping tots in tho model with a simulated river discharge of 
117 000 cfs dropping points were selected entirely on the basis 



of flfl appearanoe and relative retainment of tets or the crest or 

the till. Low spots in the fil? were closed as they appeared; 

s. the percentage of' tets carried downetreani to the toe of the fill 
increased, the dropping points were moved upstream ta a region of 

lower velocities. This test ehowed that the olosure Could be made 

to approzimate Elev 260 with a total of 1846 tete. Conditions in 

this case were ideal in that the fill could be observed at &1l times 

and the dropping points for the tete altered se conditions warranted 

so that relatively few of the tetrahedrons wore lost to the downstream 

toe of the fill, thus not contributing to the height of the fill. 

This method would not be praotical in the prototype as the action 
of the tete, as they were released, could not be observed. 

Test 3s By the time the second test in the model had 

been completed, a total of 987 tete plus 2260 tons of Bw stone had 

been dropped in the river and the discharge of the Columbia River 

had risen to approximately 150 000 cts. With the first 87 tete 

dropped in the model with conditions similar to those existing in 

the prototype (?hotoraph 14), a flU was constructed in 'the model 

with an operating curve based on the assumption that the river 

discharge would crest at 150 000 ofs and then fall slowly to 140 000 

cf as the fill was increased in height. Again the pooi and tsil* 
water elevations were based on data obtained in the l:l00eoale 
MoNary General Model. It was evident that these operating candi- 
tiona could be only calculated guesses. As the test progressed, it 

b.es*e evident that flow conditions In the MeNai-y General Model were 

more severo then condjtjon encountered in the prototype. Tets 
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ftnd "B" stone were dropped in successive stages, keeping the 

downstroai edge of the fill sorne 10 ft. above the top of the 

"B" stone. The fill ws conipleted for all practical purposes 

to Elev 268 with a total of 2275 tete. This test hod that 
the fill could be made with the higher dìsehare, but that the 

difficulty of plcernent was iroreased. At the timo the fill 
was complotod, its upstresni edo was located approximately 55 

ft. upstream from the centerline of the cella. 

Test 4: Test 4 was run with operating conditions 

similar to those used in Teat 3 i.e., pooi and te.ilwater eleva- 

tions based on a river discharge of 150 000 efe deoreaeingto 
140 000 efe. The flU was constructed according to a sohomó 

in which the "Bi' stone was kept practically level w&tb the top 
of the tot fill; the theory being that it would be possible 

to decrease the number of tots required to make the fill by 

replacing them with less expensive "B" stone. The final results 

of the test indicated that the total number of tete used in the 

construction of the fili was approximately the samiie as required 

in the previous teat. A1thouh a larger amount of "B" stone was 

used, a roater number of tete were swept downstream. It was 

noted that in dropping the first series of tete above 987, with 

"B" atone level with the tot fill, stability of the tete wa. 

considerably less than in the previous test. Evidently the 10-ft. 
lip remaining on the downstream end of the fill in Test 3 was 

sufficient to act as s key against which succeeding tetrahedrons 
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could 1ode and be retained on the fill. It was noted that a 

large percentage of tete, in the group nunbers 988 to 1329 (till 

Elev 248 to 25, were swept downstream by the high velocity flow 

which oocrred during this partioular stage of construction, 

Test 51 Test 5 consisted of rerunning Test 3 under 

tdstLosl operating condittonE and dropping schedule disregarding 

the appearance of the f111 itself. This test was run for the 

purpose of determining whether the model would reproduce itself, 

The results showed that at the end of the test the average flU 
height a approximately 1 ft. lower than in Test 3; however, the 
appearance of the fill compared favorably with the original. One 

or two low spots were developed in the fill, but not serious enough 

to differ radically from that observed in Test 3. The results of 

Test 5 demonstrated that the model woul4 reproduce itself when 

operated under identical conditions, 

Te*t 6: Test 6 was run for the express purpose of 

making a model-prototype comparison. Vhereas, the previous teats 
had fulfilled the major purpose of the model study, namely that 
of serving as a guide for the constructIon engineers in planning 

the construction of the prototype fill, Test 6 served as a check 
on model..prototype correlation and the relative accuracy of the 

model as far as the prototype s concerned. Prior to the 

beginning of this teat the model bottom topography was rebuilt 

to the latest prototype soundings obtained in October 1950, and 

discussed previously. From that paint the model was operated 
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under conditions identic1 to the prototype as listed on Plates 

10 and lOA. The droppin. location, pool elevations, and taliwater 

elevations were followed sticulously throughout the test. As 

prototype observations were not complete for all construction 

phases, considerable reliance was placed on photographic comparison. 

Prototype soundings usually wore de on Sundays 

during construction of the fill; therefore, duplicate model 

data had to be referred to fill conditions existing on those 

particular days. Reference to Plate 10 will show that 439 tots 

were placed in the original drop sah . edule. A good eat of 

soundings and velocities were obtained for this fill condition 

during the succeeding weeks vhen it was not possible to work 

on the fill section. ode1prototype comparison of fill conditions 

at the end of 439 tots is illustrated on Plate 6 and Photographs 

a and 9. At this stage of fLll construction, the model reroduced 

prototype fill conditions and velocities with remarkable accursoy. 

It was found that this first group of tete piled up in the shape 

of an isoscoles triangle with upstream and downstream slopes 

approxivately i on 1 1/4 (Photographs lO and li). From this 

point, "B" stone was dropped in the model with a skip (Photo- 

graph 12) with the quantity controlled by weiht as detérmined 

from Froudian model to prototype relationships. Photograph 13 

illustrates an interim condition at which time prototype sounding 

data were not available. By the following Sunday (November 5, 

1950) 987 tota and 8000 tone of "B" stone had been dropped in the 
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rïver. For all praotioal purpoes the effect of the "B" stone 

oould be disregarded inoe any effect it had on the discharge us 

not reflected by any of the gases shown on Plates 10 and lOA. 

At this stage f the fili construction, the model 

fill appeared to ircrease in height much more rapidly than did 

the prototype fill. Plates 5 and 7 iiluatrate this condition 

end show that the model fill was some 15 ft. higher at the center 

than sho*i by available prototype eoundins (Photographs 14 to 

17). In regard to prototype soundings, it should be noted that 

these data at this stage of fill construction were very meager 

due to a lack of adequate sounding equipment for the high 

velocities and turbulent flow conditions encountered, Photograph 

49 illustrates some of the sounding weights used. It was found 

that a triangular shaped weight made of 1etd-t&l. pipe was the 

most satisfactory of those tried. Velocities, measured with a 

current meter, agreed satisfactorily with those measured in the 

model (Plate 7), 

The reasons for the variation between the model and 

prototype fills at this stage of construction (987 tets) are 

somewhat obscure but are probably contained in a combination of 

the following factors: 

a. The difficulty encountered in obtaining prototype 

soundings of the fill as discussed preciou81y. 

b. The actual prototype dropping schedule may haTe 

varied from that used in the model as to skip location 

with respect to control grid (Pitte 7), height of skip 
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above water surface, arid number and sequence of teta 

dropped at each location. In this set of prototype 

observations, some uncertainty existed in the latter two 

items. hi1e it was possible in the model to accurately 

control these conditions, the recording of the actual proto- 

type dropping schedule invol'ved oonsidartblo estimation. 

o. The flow velocities in the model arid prototype 

agreed satisfactorily, end the water-surface elevations 

were set in the model from prototype gage readings. 

Iiowever, the actual amount of discharge which resulted 
in the velocities and water-surface elevations used was 

difficult to determine, An approximate chock was afforded 

from a tentative rating curve developed for Gage 22 after 

closure was complete (Plates i and 9). From arm extrapolation 

of this curve and reference to Gage 22 data secured during 

the fili construction (Plates 10 and lOA), it was possible 

to approximate the percentage of river flow pftssing through 
the closure section. 

d. Due to possible variation in flow between model 

and prototype, the drift of the tots after dropping may 

have varied. Floats iere tied to several tete during 

various stages of the fill construction in an attempt to 

determine the number of tots drifting off the fill. Drifta 
of O to 86 ft. were recorded, but a definite pattern for 

comparison with the model was not established. 
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e. It is recognized thst all physic&1 ahftrsateristiø$ 

of the prototype cannot be reduced in seele (Froudian) 

and their etfeote kept in direot relation. Medel*pretoø 

type interpretation must be based on the re1atiosbip$ 

between predominating thf1uenoe It is rerettab1e 

that uncertainties orept into the prototype data at thIs 

time because this stase of the fil]. construction, tots 

439 to 987, greatly influenced sibsequent tet placement. 

In spite of the variation in the model and prototype 

fills, it was decided to continue the prototype schedule in 

the model above 987 teti. stone totalling 13 157 tons 

(prototype) was added to the model, at whichtime flow conditions 

were as illustrated by Photographs 18 and 19. Note the 

similarity of the stationary waves due to a high point in the 

"B" stone fill in model and prototype. As the fill progressed 

in the model, the central portion rose steeply with low areas 

at both ends (Photographs 20 and 21) until at 1348 tete the 

center of the fill had cleared the ter surface with the major 

portion of the flow psssin along bath aides (Photographs 22 

to zs), At this stage of model fill construction, it was obvious 

that little could be gained by continuation of this phase. 

Therefore, it was decided to proceed to the next point at which 

good prototype soundings were available and rebuild the model 

fill. Photographs 28 to 29 are shown to illustrate river flow 

conditions during the interim period between tots 1348 and 1864 

which was not developed in the model. 
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The model till r.built to prototype soundirige sa 

available on November 12, 1950 (Plate 8), at which time 3.664 

teta and 20 309 toua of "B" stone were In poltion (Photographa 

50 and 52 to 
35), 

Ar eersiuo set of soundings wa available 

and an accurate elmulation of the prototype fill was nade. The 

model fili .a carried per schedule (Plate lOA) oomp-ete With 

"B0 atone to s total number of 2088 tets at which time, for 

hydraulic purposee, the till could be considered complete. 

Photographs 36 to 59 1lustrate flow characteristics at various 

stagea of this fill. Prototype eoundizs were lacking for the 

final stage of fi].1 construotion, but Photraphs 40 to 45 

indicate close similarity of model and prototype fills. From 

Plate 5 it cari be ßø$fl that the downatrearn slope of the fill at 
2088 têts was approximately 1. on 8 at completion. The upstream 

portion of the fill rose steeply once the flow had beeti diverted 

sufficiently. It appeared that the model did reproduce prototype 

conditions sat1afctori1y for thIs particular phase of fIll 

oostruction. Tete 2009 to 2505 were dropped on top of the 

fill to build up the section between Cells 16 and 17 and should 

not be considered as far as building of the fill was conoernod. 

It is believed that after 2088 teto had been placed other 

material could have been used with similar results. 

With fill construction as of November 18, 1950, t 

which time 2505 teto and 27 585 tons of 'B stone were in place, 

a measurement of the seepage was made both in the prototype 
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and in the ode1. ïth s ruer diacherge of 117 000 cfs in 

the riTer and eondition8 ae illustrated by Photogr&phs 46 and 

47, the seepage and ascadin flow were ostinated to be 

10 600 of in the prototype and 11 500 cTh in the rnod1, To 

differentiate beten the cascading flow and seepage through 

the fill, the poci elevation was dropped in the model to 1ev 

250.7 approxiìate1y '6 ft. below the average top elevation or 

the fill; tailwter was set at Eloy 240.5. Ith this l0ft. 

differential in the model, a flow of 2800 cfs was measured as 

seepage through the fill. This completed the model tests as 

of flovember 18, 1950. $ubsequent to this date all tete constructed, 

totalling some 3200, re placed in the fill (Photographe 47, 50, 

end 51). 

Coe1usion: It is believed that the moe1 eered the 

purpose for which it wee intended, i.e., a guide 'whereby corz 

struotion engineers ware able to view the action of the fill 

under various conditions and plan the construction schedules 

accordingly. In this respect, the model proved invaluable 

and enabled the prototype closure to be made with relatively 

little difficulty, the ultimate requirement in any oase. In 

all probability the closure would have been riade in the river 

without the aid of the model; however, the model permitted a 

much moro economical use of material. Engineers from all parta 

of the United States visited the project during the construction 

of the closure eection and at the same tiae viewed the model 
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in oporfttion. It Is believed that operation of the model save 

these engineers a bettor pioture of what was occurrin In the 

prototype where only the water surface could be observed. 

The fact that the model did not exactly reproduce the 

prototype f111 section in all respects can be attributed to 

various factors as ntioned previously. That the modo1prototype 

comparison was successful to some degree (tet nuibere O to 439 

and 1664 to 2088) can be considered a significant fact, and presum- 

ably a basis for the statement that prototype happenings can be 

forecast in a model of this type. It is unfortunate that more 

complete prototype data were not obtathed. 
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Photoraph 1: General View 1*100-Scale MoNary Generai 
Model showing FiratStep Structures and 
Second-Step Cofferda. 

Photographe 2 and 3* Aerial Views Closure eotion, November 9, 
1950. 

Photograph 4* General View 1*24-scale CoÍ'ferdain Closure 
Model, 

Photograph 5: 12-Ton Tetrahedrons, 

Photograph 6: Dry-Bed View Natural Channel. 

Photograph 7:. Flow in Closure Section (No Fili). 

Photograph S: Flow, 1odel, 439 Tete. 

Photograph 9: Flow, Prototype, 441 Tots. 

Photographe lO and li: Dry-Bed, Model, 439 Tote. 

Photograph 12: Flow, Model Placement of $ßfl Stone. 

Photograph 1* Flow, Prototype, 895 Tete. 

Photographs 14 and 16: Flow, Model, 987 Tete. 

Photograph 15* Flow, ?rototype, 967 Tete, 

Photograph 17: DrySed, Model, 987 Tote, 

Photograph 18; Flow, Modei, 987 Tete Plus *BW Stono. 

lhotograph 19: Flow, Prototype, 1079 Tete. 

Photograph 20: Flow, Model, 1138 Tete. 

Photograph 21: Flow, Model, 1200 Tete, 

Photograph 22: Flow, Model, 1348 Tete. 

Photograph 23: Flow, Prototyp., 1390 Tote. 

Photographs 24 and 25: Dry-Bed, Model, 1348 Tots. 

Photographe 26 to 29: Aerial Views, Prototype, 1390 Tete. 
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Potor*ph 80: Dy.'Bed, Iode1, 1O4 ?ete. 

Piotoraph 31* Aerial iøw, Prototype 3pillway, 1664 Tots. 

Photrspb 32: flow, od,i, 1684 Tots. 

Photograph 33* Flow, Prototype, 1664 Tots. 

Photor*phs 34 arid 38* Plow, Prototype, 1664 Tots. 

Photographs 38 arid 31* 

Photograph 38* 

Photoraph 39 * 

Photograph 40* 

Thotorsph 41 

Photographs 42 to 44* 

Plow, Prototype, 1766 Tet*. 

flow, ode1, 1824 Tete. 

Flow, Prototype, 1810.Thts. 

Flow, ode1, 208$ Tots. 

?1*w, Prototype5 2085 Tote. 

Dr'3sd, Mode1 2088 Tots, 

Photograph 4* Flow, Prototype, 20B8 Tete. 

Photoraph 48* flow, todo1, 2500 Tete. 

Photograph 47* Flow, Prototype, 2508 Tete, 

Photograph 48: Prototype Pill Section Coisploted azoopt 
for Crib. 

Photograph 4t: 8oundin Levtae* w*ed in Prototype. 

Photograph 50: Pretotyp Upstream View Drte4 C*fhrdsa 
Area. 

Photograph 51* Prototype, Fill 8estto with Dried 
Cofterdam Area. 

Plate 3. s Pie; &.00ndSt.p COft*rdSa. 

Plate 2* F111, Plan, end $ootions. 

Plata 3* kLodel Layout. 

Plate 4 z Topography. 

Plate 5* Fill Sections, stages of Construetiob. 
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Plate ßs Model.s?rototype 1U1, 4S9 Tete. 

Plate 7: Model*Pretotype Fill1 987 Tate. 

Plate 8: Xodel*Prototype Fill, 1664 Tete. 

Plate O: R*ting Curve, Gage 22. 

Platea 3.0 and 10&s Prototyp. Fill Conetruotion Schedule. 
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Photograph i 

First-step struotures and second-step cofferdam installed in 1:lOO-$cale general model. 



Photograph 2 

General view of MoNary Darn, Seoond-Step Coffer- 
dem Closure. Note flow through spiliway in 
background. 

9 November 1950 

Tets ....... 1390 
"B" Stone ..... 1)4 250 
River Discharge . . 137 000 ofs 

Photograph 3 

Upstream view of Cofferdam Closure with 1:2Lr 
scale model in center foreground. 



Photograph L 

12-ton tetrahedrons used in Seoond-Step Coffer- 
dam Closure. 

Photograph 5 

Upstream view of l:2Lrsoale MoNary Cofferdain 
Closure Model. 



Photograph 6 

Downstream view of model river bed prior to 
start of closure. 

Photograph 7 

River Discharge 96 000 cfs 
Pool Flew 255.2 
Tailuter Elev 253.2 

Flow through closure section prior to start of 
fill. 



Photograph 8 Photograph 9 

Fill Elev 2140 
28 October 1950 

MOWL P) 10 TYPE 
1439 ................... Tete ............... 
2260 tons .............. "B" Stone .............. 2260 tons 
95 000 cfs ............. River Discharge ............. 117 000 efe 
258.5 ................ Pool Elev . .......... . 260.9 
253.8 .............. Tailater Elev ............. 256.2 



Photograph 10 

?odel Fill Elev 2LU 

L39 Tete 

Photograph 11 



Photograph 12 

Placement of "B" stone in model by skip load. 

MOt*L 
)439 e . . . . . . . . e . . Tets ........ 
lO5000cfs . . . . . . .RiverDisoharge. . . . 
258.5 ...... Pool Eloy ....... 
25L.5 ............... TailwaterElev ...... 

Photograph 13 

Cofferdam closure section, 3 November 1950. 

PR01TYPE 
. 895 plus 2260 tons "B" stone 
. 114000 ofs 

. 263.9 
257.L. 



Photograph 114 

ii 

MODEL 

987 .................. Tete ............... 
2267 tons ............... "B" Stone .............. 
1146 000 ofe ............ River Discharge ............. 
26L.6 ................ Pool Elev .......... . . 

257.2 ................ Tailwater Elev ............. 
2L9 ............... Average Fill Elev . ........... 

Photograph 15 

14 November 1950 
PRO 10 TYPE 

987 
5500 tons 
157 000 cfs 
26.2 
257.6 
2L0 Plus 



Photograph 16 

River Discharge . iL6 000 cf s 
Pool 1lev ........ 26L.6 
Tailwater Elev ..... 257.2 

MODEL 

Pets ......... 937 
BC stone ....... 2267 tone 

Average Fill Elv. . . 251.0 

Photograph 17 

Dry Bed 



Photograph 18 

rJ. 

- p ; 
ç * 

- --4 
.:. '? 

Photograph 19 

8 November 1950 

MODEL 
PROTOTYPE 

987 ................... Tets ............... 1079 
13 157 tons .............. "B" Stone .............. 13 157 tons 

1L8 000 cts ............ River Discharge ............. 1L1.3 000 cfs 

26L.7 ................ Pool Eloy .............. 26L.8 
257.L ............... Tailwater Eloy ............. 256.7 
2'51.5 ............... Avera F%1l Eloy ............ 



Photograph 20 

MODEL 

1138 .............. . s . e Tots . e 

1156tons ...... 
1L3 000 ofo ............. River Disoharge . . . 
26L.9 ................ . Pool Elev ....... 
256.6 .............. . Tailwater Eloy ...... 

Photograph 21 

....... 1200 
. l3l56tons ...... 1L30OOofs 

265.0 
256.3 



Photograph 22 Photograph 23 

10 November 1950 

AODEL 
PRO IO TYPE 

13Lß................ . Tets ................ 1390 
13 156 tons .............. "B" Stone ............... 16 300 tons 

139 000 ofs ............ River Disohsrge .............. 136 000 cfs 
265.L ................ Pool Elev ............... 265.7 
256.L ................ Tailwater Elev .............. 256.3 



Photograph 2U 

Model Fill 

Tets l3L8 
"B" Stone 13 156 Tons 

Photograph 25 



Photograph 26 

Closure Section 

9 No'-ember 1950 

Tets ........ 1390 
"B" Stone ...... iL4 000 Tons 
River Disoharge . . . 137 000 cfs 
Pool Elev ...... 265.7 
Taiiwater Elev. . . . 256.L4 

Photograph 27 

Construction of powerhouse Units i and 2 within 
Oregon shore cofferdain. 



Photograph 26 

9 Noverer 1950 

Tets ........ 1390 
"B" Stone ...... 1L 000 Tons 
River Disoharge . 137 000 ofs 
Pool Elev ...... 265.7 
Tailwater Riev. . . . 256.1k 

Aerial views of Cofferdam Closure Seotion. 

Photograph 29 



Photograph 30 

Tets . 166L 

"B" Stone . . . 20 309 tons 

Photograph 31 

By-passing flow around seoond-stage oofterda3n 
through 12 low bays (Eloy 250) of' spiliway. 

Model Fill Closure Fill Status 

Tete 
"B" Stone . . 
River Discharge 
Pool Elev . 
Tailwater Eloy. 
Averare Fill Elev 

..i66 
. 17 560 tons 
. 131 000 ofs 
. 266.8 
. 255.L 

22.5 



Photograph 32 

Model 

Tets 
"B" Stone . . 
River Discharge 
Pool Eloy 
Tailwater Elev. 
Average Fill Eloy 

...ló& 
. 20 309 tons 

. l2L 000 cf s 
. . 266.6 

. 255.1 

. 252.' 

- - 

L' 

Photograph 33 

12 November 1950 
Prototype 



Photograph 3L1. 

- 

i__-1 
____________ 

-______ ______ 

- 

ç- 

- - 

-:- - - - 

-- ---.----.- - J - - 

Prototype Closure Section 
lL November 1950 

Tete ......... i66L 
"B" Stone ....... 26 000 tone 
River Discharge . . . . 118 000 efe 
Pool Elev . . . . . . . 266.I 
Tailwster Elev. . . . . 25L.6 
Average Fill Elev . . . 252.5 

Photograph 35 



Photograph 36 

Prototype Closure Section 
15 Novembor 1950 

TetB ........ 1766 
"B" Stone ...... 27 585 tons 
River Disoharge . . . 116 000 ofs 
Pool Elev ...... 266.8 
Taliwater Elev. . . . 25L.3 

Photograph 37 



Photograph 38 

- ________- - - 

Photograph 39 

15 November 1950 MODEL 
PROTOTYPE 1 82L1 ................. . Tets ................ 1800 27 585 tons ............. "B" Stone ............... 27 585 tone 115 500 ofs ............ River Discharge .............. 115 000 cfs 267.2 ............... . Pool Elev ............... 267.1 

25L.0 ................ Taliwater Elev .............. 25L.0 



Photograph t1ø Photograph 141 

16 November 1950 
MODEL PROTOT YPE 

2086 ................. Pets ................. 2083 
27 585 tons ............. "B" Stone ................ 27 585 tons 
113 000 cfs ............. River Discharge .............. 113 000 ofs 
268.0 ................ Pool E].ev .................. 268.0 
253.L ................ Tai1aterElev ............ ..253.L 



Photogreph !42 

View from Oregon Shore Cofferdam 

Model Closure Section 

Tets ...... 2088 
"B" Stone ....... 27 585 tons 
Average Fill Elev . . . 267.0 

Photograph L3 

TJpatren View 



Photograph !4L 

Downstream View 

Photograph L5 

16 November 1950 
View from Cell 16 

M01L P1T0TYPE 
2088 .................. Tets ................ 2088 
27 585 tone ............. "B" Stone ............... 27 585 tons 



Photograoh L6 

MODEL 

2500 .................. Tots .......... 
27 585 tons ............. "B" Stono ......... 
117 000 ofs ............ River Discharge ........ 
11300 ofs ........... .Flowthrough Fill ....... 
269.1 ............... Pool Eloy ........ 
253.L ............... Tailwater Elev ........ 
269.0 .............. Average Fill Elev ....... 

Photograph L7 

18 November 1950 
PROTOTYPE 

2505 
27 585 plus 31400 tons "C" Stone 
117 000 of's 

10 )O efs 
269.1 
253.L 



r 

Photograph Li13 

26 November 1950 
3200 Tets 

Prototype closure section oomplete except for 
timber crib section to be construoted on top of 
fill. 

14 

Photograph L9 

3ounding devices used in prototype. Triangular 
pipe sections in center filled with lead were the 
most satisfaotory of sounding weights tried. 
A fin was usually affixed to the downstream leg 
of the triangle. 



Photograph 50 Photograph 51 

View looking upstream through Oregon channel from View of downstream slope of closure section. 
downstream leg of seoond-step oofferdam. 

Water-Surface Flev 218.i.i. 
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