
Land Measurement II 
TRANSITS AND LEVELING 
Leveling 
 Leveling is done to establish the elevations of survey points or the differences in elevation between survey 
points.  Layout and construction of water lines, roads, and ponds are all dependent on knowing the elevation 
differences between points.  Because leveling deals with vertical distances, it is necessary to define what "vertical" 
is on a round earth.  A vertical line is defined as a line pointing in the direction of gravity - a plumb line it therefore 
a vertical line.  A level surface is everywhere perpendicular to the direction of gravity.  A horizontal line is not a line 
on a level surface; it is a line perpendicular to the direction of gravity.  A horizontal line coincides with a level 
surface at a single point. 
Survey and Stakeout of Cross Sections - Demonstration 
Construction of New Ponds and Lakes - Demonstration 
 
PROFILE SURVEY (POND CONSTRUCTION) 
Introduction 
 Recent surveys have shown that farm ponds and small lakes are used substantially by fishermen throughout 
the nation.  In Texas, such waters account for more than 23 million recreation days or about 35 percent of the total 
fishing trips.  Proper construction and employment of certain preliminary management practices have been found to 
be of utmost importance in permitting survival, growth, and harvest. 
 The objectives of any good management program are to control the species of fish present and to provide 
conditions for good fishing.  The management practices which best achieve these objectives are (1) construction 
designed to avoid the introduction of unwanted fish by preventing overflow through the use of overflow tubes or 
waterfalls, (2) installation of a drain pipe, (3) preparation of the pond bottom, (4) eradication of wild or native fish in 
basin prior to impoundment, and (5) proper stocking.  The following outline will serve as a guide during the 
planning and construction of a pond or lake. 
Selecting a Site 
 In selecting a suitable pond site consideration should be given to (1) "the lay of the land", (2) a subsoil that 
contains sufficient clay, and (3) adequate but not excessive amount of water.   In taking advantage of the natural 
features of the land to form three sides of the pond, cost of construction is greatly reduced.  At least one third of 
pond area should contain water a minimum 12 feet in depth. 
 Deep water assures a permanent supply, especially during a drought and will prevent aquatic plants from 
taking over the pond.  Fish also will take advantage of deeper areas for hiding and to escape warmer temperatures 
during the summer months.  However, depths more than 20 feet should be avoided since dams above this level are 
expensive to build and the amount of fish food produced in deeper water is relatively small. 
 Subsoil containing clay is essential in pond construction in order to minimize seepage.  Subsoil within the 
dam site should be checked to be certain sufficient clay is present.  The test for suitable clay is to take a handful of 
moist soil from the test hole and compress it into a firm ball.  The soil contains enough clay if the ball does not 
crumble.  Commercial clay products sometimes can be used to seal a 
pond where needed, but this adds to the cost of construction. 
 There should be enough water to fill the pond and maintain a water level that does not fluctuate more than a 
few feet during dry months.  However, there should not be such a volume of water as to cause a large, continuous 
overflow from the pond.  Excess water washes nutrients out of the pond and reduces productivity.  A diversion ditch 
sometimes is needed to carry excess water from heavy rains around the pond if heavy overflow occurs.  Before 
construction, it is desirable to have the water tested to learn if the quality of water is suitable for fish life. 
Time to Build 
 The completion date should be considered when the pond is planned.  The most desirable time for 
completion of the dam and pond filling is early fall.  Sunfish and catfish are available from hatcheries during this 
period and their release at this time - prior to the stocking of bass - will allow good survival.  Further, more lower 
water temperatures during fall prevent reproduction of native fish that might be present on the watershed or in the 
lake basin.  Ponds that are completed in summer usually present the greatest problem of management.  Many times 
native fish will reproduce before hatchery fish are stocked, thereby reducing the survival of game fish.  Also, if the 
pond does not fill promptly, regrowth of brush and trees may fill the pond basin, requiring a second cutting. 
 
 
Dam Construction and Spillway Requirements 



 Prior to construction a permit to impound water must be secured from the Texas Water Rights Commission 
if the pond volume is in excess of 200 acre-feet or used other than for domestic or livestock purposes.  It is 
suggested that the Soil Conservation Service be contacted for specific details regarding dam construction.  Financial 
assistance for pond construction sometimes can be obtained from the U.S. Agricultural Stabilization and 
Conservation Service which reimburses the owner a small percentage of cost of each yard of dirt moved in dam 
construction.  Minimum construction requirements are outlined below, to aid in plans and specifications. 
 All trees and brush should be removed from the dam site and the area should be staked.  Topsoil then is 
removed to bond the above-ground portion of the dam to the subsoil and allow digging of a core trench.  The core 
should extend at least 3 feet into the subsoil as well as reach to the top of the dam.  Soil to build the levee should be 
applied to layers eight inches at a time and packed with heavy equipment. 
 The most economical slope for a low dam is 2 feet of slope for every 1 foot of height on both the upstream 
and downstream side.  Dams having a height greater than 20 feet should have a 3:1 slope on the upstream side.  The 
width of the crown should be at least 6 feet plus 1/5 dam height. 
 Ponds should have an ample spillway to take care of expected floods.  The width, length, and type of 
spillway best suited for a pond is determined by the watershed area, average rainfall, topography, vegetative cover, 
and soil type.  An important feature concerning the spillway is control of upstream movement of native fish into the 
pond.  A successful method in controlling this upstream movement is to put a waterfall at or just below the spillway.  
The fall must have a lip or overhang so that water actually falls through the air for several feet.  If the water runs 
down a sloping or even straight wall, fish still enter the pond. 
 The required height of the fall depends on expected water volume.  Approximately a 2-foot drop should be 
allowed for every inch of water at the top of the structure.  Thus, a wider fall requires a short distance for water 
dropping.  If the fall is built at the spillway it should be wide enough to spread the water into thin sheets, allowing 
only a few inches of water to overflow.  This not only will prevent native fish entering the pond but will keep larger 
game fish from leaving the pond during a heavy overflow. 
 It is not necessary to screen a properly constructed  spillway.  Screens usually become clogged with trash 
which could result in dam damage.  If screens are employed, daily inspection is necessary and they should be 
constructed to permit easy 
removal of debris. 
Drainpipe 
 No pond or lake should be built without a 
drainpipe since this feature plays a very important role in 
pond management.  Because native fish as well as certain 
species of game fish sometimes do overpopulate a pond 
or small lake, renovation usually is the quickest method of 
restoring good fishing.  Renovation can best be 
accomplished by draining the lake as low as possible and 
treating the remaining water to kill all fish.  To reduce 
cost of treating a lake at normal elevation, lake owners 
often have built large siphons or cut the dam to reduce 
total water volume. Thus, it is important to install a 
drainpipe during construction of the dam. Other important 
management practices that can be gained by installing a 
large drainpipe are (1) prevention of overflow, (2) aquatic 
plant control, (3) fish population control, (4) increase in 
water fertility, (5) replacement of spawning devices and 
fish shelters, (6) repair of dam, piers, and boat docks, and 
(7) dredging of the pond basin if siltation is excessive. 
 Drainpipe size depends on size of the pond and amount of water running into the pond.  A 4- to 6-inch 
drain normally will be satisfactory for ponds up to 3 acres, while 6- and 12-inch drains will be necessary for larger 
ponds up to 15 to 20 acres.  Seepage through the dam along drainpipe can be prevented by concrete or metal seepage 
collars installed at 15-foot intervals along the pipe. Clay should be packed tightly around collars and along pipe.  
Often an overflow or trickle tube is incorporated with installation of the drainpipe. This structure will aid in 
maintaining a normal lake level and is especially desirable for lakes having a continuous overflow due to springs.  
Such features are most important in preventing overflow at the spillway, thereby stopping upward migration of 
native fish.  An overflow tube can be designed to remove excess water from the bottom of the lake rather than 



permitting more fertile surface water to be washed from the lake.  For small lakes a trickle tube, built on the 
downstream side of the dam, serves quite adequately in removing excess water. 
Clearing Timber and Installing Fish Shelters 
 Pond area should be cleared of most brush and trees.  Many times management practices to control aquatic 
plants and rough fish have been hampered or even prevented because boating was too restricted due to abundant 
timber and brush left standing.  Further, adequate harvest of game fish is prevented when too much brush is left in 
the lake.  In fact, game fish harvest can be increased if the timber and brush are cleared and fish shelters selectively 
placed about the lake basin.  In this manner fish are then concentrated in areas easily located by fishermen, thereby 
permitting a larger harvest.  Many items such as brush, logs, and rocks are used to construct fish shelters.  Large 
trees, when pushed over, the tops removed. and the roots left anchored, provide very good bass cover.   Automobile 
tires, tied together so as to remain upright, have been found to make excellent bass shelters.  Brush piles are 
especially recommended for crappie.  Shelters should be placed at various depths of water ranging from 2 feet to the 
deepest water and marked so as to be easily located by fishermen. 
Shape of Shoreline 
 Avoid too much shallow water in any new lake. Shallow water encourages troublesome plants, leads to 
overpopulation of sunfish and restricts lake management.  The pond or lake edge should be at least 2 feet deep.  
Excess dirt removed while shaping the shoreline can be used on the dam or placed above the waterline to give 
higher banks.  Construction of fishing peninsulas with the excess dirt is most beneficial to encourage bank fishing.  
Deeper edges permit the larger predators to stay near shoreline and thus allow a better harvest of these game fish. 
Spawning Aids 
 While some species of game fish will overpopulate a lake, others such as channel catfish have certain 
requirements to reproduce.  Several milk cans, concrete road culvert pipes, or crocks can be placed around the lake 
to be used as spawning aids by channel catfish.  These spawning devices should be placed at a level that will not be 
over four feet deep after the lake fills.  If the lake bottom does not contain sand or gravel it would be wise to 
construct spawning beds with this material for largemouth bass.  The gravel beds should be 10 to 15 feet in diameter 
and at a depth of 2 to 4 feet.  If the bottom is soft mud, automobile tires laid on their side and filled with sand or 
gravel will make excellent spawning beds for bass. 
Cover Crop 
 Before filling the lake, planting a fast-growing crop in the basin often is permitted.  If construction is 
completed in fall and lake is not expected to fill completely, for 2 or 3 months, rye grass or oats can be broadcast 
over the lake bottom.  This will greatly benefit the fertility of the water and serve to stabilize the bottom to aid in 
preventing turbid water. 
 
Eradication of Native Fish 
 All fish species should e eradicated from basin and watershed prior to impoundment.  Many lake owners 
would not consider that fish could live in a small stream only a few inches wide.  Yet, numerous ponds and lakes 
have been built which later contain large populations of unwanted fish due to this false belief.  Only a small volume 
of water normally is found above a newly constructed dam.  The cost to eradicate native species prior to 
impoundment is very little compared to the cost to kill them after the lake has filled.   
 All water in the lake basin, regardless of how small the amount, should be chemically treated before 
impoundment and release of hatchery fish.  Fish eradication should be done immediately after the drain valve is 
closed and can be accomplished with five percent liquid rotenone at a rate of one gallon per acre-foot of water.  If 
powdered rotenone is used, at least 20 pounds should be applied per acre-foot of water.  The pond can be stocked 
with game fish 2 weeks following this rotenone treatment. 
Stocking 
 The most common mistake made by lake owners is overstocking with fish.  It is most important that correct 
species and ratio of forage and game fish be released into a new lake at the proper time.  As mentioned earlier, the 
best time for lake completion, filling, and stocking is in fall.  If the pond is smaller than 1 acre, only channel catfish 
should be stocked at 100/ac or at 300-500/ac if a regular feeding program is carried out. 
 Lakes larger than one acre should be stocked in fall with forage species such as fathead minnows (300/ac), 
threadfin shad (100/ac) and sunfish (bluegill 700/ac and redear sunfish 300/ac).  Fingerling channel catfish may be 
stocked at 100/ac.  Lakes that are not to be fertilized should receive only half as many sunfish.  It is extremely 
important to stock fingerling largemouth bass at 100/ac the following spring.  This game fish will utilize spawns of 
forage species and will control native fishes. 



 Crappie should never be stocked in a pond less than 10 acres or in large lakes if muddy water is expected to 
persist.  This game fish is very prolific and will quickly overpopulate and become stunted.  Crappie can be stocked 
in large clear water lakes during the second year after construction at a rate of 50 per acre. 
 Supplemental stocking with 10-inch channel catfish will be required in small clear-water lakes with adult 
bass present.  Bass prey on small catfish and little, if any, survival of natural reproduction or stocked fingerlings can 
be expected.   
 Bass should not be removed for the first 2 years after stocking, overharvest should be avoided thereafter.  
Additional information regarding planning and management of new lakes and ponds can be obtained by contacting 
an Inland Fisheries biologist of the Texas Parks and Wildlife Department. 
Engineering Surveys 
 Once you determine probable pond location, make enough engineering surveys to plan the dam, spillway, 
and other features. For most ponds the surveys needed are simple, but if you are not familiar with the use of 
surveying instruments you should employ an engineer.   
 Pond surveys usually consist of a profile of the dam centerline, a profile of the earth spillway centerline, 
and enough measurements to estimate pond capacity.  For larger and more complex ponds, particularly those used to 
store water for irrigation, you may need a complete topographic survey of the entire pond site.  Run a line of profile 
levels along the centerline of the proposed dam and up both sides of the valley well above the expected elevation of 
the top of the dam and well beyond the probable location of the earth spillway.  The profile should show surface 
elevations at all significant changes in slope and at intervals of no more than 100 feet.  This line of levels establishes 
dam height and location and elevation of the earth spillway and trickle tube.  It is used to compute the volume of 
earth needed to build the dam.  Run a similar line of profile levels along the centerline of the earth spillway.    
Side Slopes 
 The side slopes of a dam depend primarily on stability of the fill and on strength and stability of the 
foundation material.  A more stable the fill, allows for steeper side slopes.  Unstable materials require flatter side 
slopes.  Recommended slopes for upstream and downstream faces of dams built of various materials are shown 
below. 
   
Recommended side slopes for earth dams. 
 Slope 
Fill material Upstream Downstream 
clayey sand, clayey gravel, sandy clay,  
silty sand, silty gravel 

 
3:1 

 
2:1 

Silty clay, clayey silt 3:1 3:1 
   
   
 
 For stability, slopes should not be steeper than those shown in table above but they can be flatter as long as 
they provide surface drainage. Side slopes need not be uniform but can be shaped to blend with the surrounding 
landforms (right).  Finish-grading techniques used to achieve a smooth landform transition include slope rounding at 
the top and bottom of cuts or fills 
and on side slope intersections, and 
slope warping to create variety in 
the horizontal and vertical pitch of 
finished slopes (right). Additional 
fill can be placed on the backslope 
and abutments of the dam, if 
needed, to achieve this landform 
transition. 
Freeboard 
Freeboard is the additional height 
of the dam provided as a safety 
factor to prevent overtopping by 
wave action or other causes.  It is 
the vertical distance between the 
elevation of the water surface in 



the pond when the spillway is discharging at designed depth and the elevation of the top of the dam after all 
settlement.  If your pond is less than 660 feet long, provide a freeboard of no less than 1 foot.  For ponds between 
660 and 1,320 feet long, the minimum freeboard is 1.5 feet.  For ponds up to one-half mile long, the minimum 
freeboard is 2 feet; for longer ponds an engineer should determine the freeboard. 
Settlement Allowance 
Settlement or consolidation depends on the character of materials in both the dam and foundation and on the 
construction method.  To allow for settlement, build earth dams somewhat higher than design dimensions.  If your 
dam is adequately rolled in thin layers under good moisture conditions, there is no reason to expect any appreciable 
settlement in the dam itself, but the foundation may settle.  For a rolled-fill dam on unyielding foundation, 
settlement is negligible.  Most foundations are yielding, and settlement may range from 1 to 6 percent of dam height, 
mainly during construction. 
 Settlement allowance for a rolled-fill dam should be about 5 percent of the designed dam height.  In other 
words, the dam is built 5 percent higher than the designed height.  After settlement, the dam height will be adequate.  
Most pond dams less than 20 feet high, however, are not rolled-fill.  For these dams, the total settlement allowance 
should be about 10 percent. 
Estimating the Volume of the Earthfill 
 After planning is completed, estimate the number of cubic yards of earth excavation required to build the 
dam.  This helps estimate the cost of the dam and serves as a basis for inviting bids and for awarding a contract. 
 Volume estimate of the volume of excavation should include the volume in the dam itself including the 
allowance for settlement, the volume required to backfill the cutoff trench, the volume required to backfill stream 
channels or holes in the foundation area, and any other volume of earth the contractor is required to remove. 
 Volume estimates for dams are usually made from required number of cubic yards of earthfill in place.  
Probably the most efficient method of estimating earthfill volume is the sum-of-end-area method.  Ground surface 
elevations at all points along dam centerline where the slope changes significantly are established by the centerline 
profile.  With the settled top elevation of the dam established, you can obtain the settle fill height at each of these 
points by subtracting the ground surface elevation from the settle top elevation.  With the fill heights, side slopes, 
and top width established, end areas at each of these points along the centerline can be determined (table). 
 For example, assume that a dam has slopes of 3:1 on both upstream and downstream sides and a top width 
of 12 feet.  For a point along the dam centerline is 15 feet high, the table shows the end area at that point is 675 plus 
180, or 855 square feet. The number of cubic yards of fill between 2 points on the centerline of the dam is equal to 
the sum of the end areas at those 2 points multiplied by the distance between these points and divided by 54.  The 
total volume of earthfill in the dam is the sum of all such segments.  A sample volume estimate illustrating use of the 
sum-of-end-areas method is shown on next page. 
 The sample volume estimate of 7,732 cubic yards includes only the volume of earth required to complete 
the dam itself.  Estimate the volume of earth required to backfill the core trench, old stream channels, and other 
required excavation and add it to the estimate for the dam.  Also include an estimate of additional fill to be placed on 
the back slope and abutments.  For example, assume that in addition to the volume shown in table 15, there is a 
cutoff trench to be backfilled.  The dimensions of the trench are: 
 

Average depth = 4.0 ft 
Bottom width = 8.0 ft    
Side slopes = 1:1 
Length = 177 ft 
 

 Compute the volume of backfill as follows: 
      End area = (8 x 4) + (4 x 4) = 48 sq ft 
      Volume =  (48 x 177)/27  = 315 cu yd 
 
 Add this to the volume required for the dam and the total volume is 7,732 plus 315 or 8,047 cu yds. 
 
Plans and Specifications 
 Record all planning information on an engineering plan.  This plan should show all elevations and dam 
dimensions, the dimensions and extent of the cutoff trench and other areas requiring backfill, the location and 
dimensions of the trickle tube and other planned appurtenances, and any other pertinent information.  The plan 
should also include a list of the quantity and kind of building materials required.  Unless you have all the necessary 
equipment, you will need to employ a contractor to build the pond.  You may wish to receive bids from several 



contractors to be sure that you are getting the job done at the lowest possible cost.  If so, you need to prepare a plan 
and a set of specifications showing what is to be done.  This provides a basis for contractors to bid on proposed 
work, allows fair competition among bidders, and states the conditions under which work is to be done. 
 The specifications should give all information not shown on plans that is necessary to define what is to be 
done, prescribe how work is to be done if such direction is required, specify the quality of material and 
workmanship required, and define the method of measurement and the unit of payment for various items of work 
that constitute the whole job.  Construction work of the quality and standards desired will not result unless there is a 
clear understanding of these requirements between the owner and the contractor.  For these reasons specifications 
should be prepared for all ponds for which the owners award contracts.   
 Assistance in preparing plans and specifications is available from your local soil conservation district, SCS 
specialists, or private consultants. 
Staking for Construction 
 Each job must be adequately and clearly staked before construction is started. Staking transmits 
information on the plan to the job site. This information locates the work and provides lines, grade, and elevations 
required for construction in accordance with the plan. Consider the contractor's wishes in staking so that he can 
make the most effective use of the stakes.  The quality and appearance of completed job reflects the care used in 
staking.  Unless you are familiar with the use of surveyor's instruments, staking should be done by an engineer or 
other qualified person. 
     The areas to be cleared generally consist of the dam site, spillway site, borrow area, and area over which water is 
to be impounded.  Mark each area clearly with an adequate number of stakes. In the pond area, locate the proposed 
waterline with a level and rod.  This provides a base line from which clearing limits can be established. 
     To locate the dam, set stakes along its centerline at intervals of 100 feet or less.  Usually this has been done 
during the initial planning survey.  Then set the fill and slope stakes upstream and downstream from the centerline 
stakes to mark the points of intersection of the side slopes with the ground surface and to mark the outer limits of 
construction.  These stakes also establish dam height.  To locate the earth spillway, first stake the centerline and then 
set cut and slope stakes along the lines of intersection of the spillway side slopes with the natural ground surface.  If 
fill material must be obtained from a borrow area, this area must be clearly marked.  Set cut stakes to indicate the 
depth to which the contractor can excavate to stay within the limits of suitable material, as indicated by soil borings.  
This will allow the borrow area to drain readily and will mark the limits of construction activity.  Set stakes to show 
the centerline location of the trickle spillway after foundation preparation has reached the point at which the stakes 
will not be disturbed.  Locate the trickle tube where it will rest on a firm foundation.  Mark stakes to show cuts from 
tops of the stakes to grade elevation of the tube.  With additional stakes, mark the location of the riser, drainage gate, 
antiseep collars, outlet structures, and other appurtenances. 
Building the Pond 
 Attention to the details of construction and adherence to specifications are as important as adequate 
investigation and design.  Careless and shoddy construction can make an entirely safe and adequate design worthless 
and cause dam failure.  Adherence to specifications and prescribed construction methods becomes increasingly 
important as the structure size and the failure hazards increase.  Good construction is important regardless of size, 
and the cost is generally less in the long run than it is for dams built carelessly. 
Clearing and Grubbing 
 Clear the foundation area and excavated spillway site of trees and brush.  In some states this is required by 
statute. Cut trees and brush as nearly flush with the ground as practical and remove them and any other debris from 
the pond site.  Should you or your contractor elect to uproot trees with a bulldozer, you must determine if tree roots 
extend into pervious material and if resultant holes will cause excessive seepage.  If so, fill the holes by placing 
suitable material in layers and compact each layer by rolling or tamping. 
 All material cleared and grubbed from the pond site, from the spillway and borrow areas, and from the dam 
site itself should be disposed of.  This can be done by burning, burying under 2 feet of soil, or burying in a disposal 
area such as a sanitary landfill.   
 Minimal clearing should be done to conserve the visual quality of the site and to minimize difficulty and 
expense of reestablishing vegetation.  Confine clearing limits to the immediate construction area to avoid 
unnecessary disturbance.  Large trees near the top of cut slopes may have to be removed to avoid excessive root 
damage. 
 It is not always necessary to remove all vegetation within construction limits.  Selected groupings of 
desirable plants can be kept. Trees and shrubs can often survive a 1- to 2-foot layer of graded fill over their root 
systems or they can be root-pruned in excavated areas.  Tree wells and raised beds can also be used to retain 
vegetation.



End areas in square feet of embankment sections for different side slopes and top widths. 
  Side Slopes   Top  Width (ft)   
 2.5:1 2.5:1 3:1 3.5:1 4:1
 2.5:1 3:1 3:1 3.5:1 4:1
Fill Height 2:1 2:1 2.5:1 3:1 3:1

(ft) 3:1 3.5:1 3.5:1 4:1 5:1 8 10 12 14 16 
1.0  3 3 3 4 4 8 10 12 14 16 
1.2  4 4 4 5 6 10 12 14 17 19 
1.4  5 5 6 7 8 11 14 17 20 22 
1.6  6 7 8 9 10 13 16 19 22 26 
1.8  8 9 10 11 13 14 18 22 25 29 
2.0  10 11 12 14 16 16 20 24 28 32 
2.2  12 13 15 17 19 18 22 27 31 35 
2.4  14 16 17 20 23 19 24 29 34 39 
2.6  17 19 20 24 27 21 26 31 36 42 
2.8  20 22 23 27 31 22 28 34 39 45 
3.0  22 25 27 32 36 24 30 36 42 48 
3.2  26 28 31 36 41 26 32 38 45 51 
3.4  29 32 35 40 46 27 34 41 47 55 
3.6  32 36 39 45 52 29 36 43 50 58 
3.8  36 40 43 50 58 30 38 46 53 61 
4.0  40 44 48 56 64 32 40 48 56 64 
4.2  44 49 53 62 71 34 42 50 59 67 
4.4  48 53 58 68 77 35 44 53 61 71 
4.6  53 58 63 74 85 37 46 55 64 74 
4.8  57 63 69 81 92 38 48 57 67 77 
5.0  62 69 75 87 100 40 50 60 70 80 
5.2  67 74 81 94 108 42 52 62 73 83 
5.4  73 80 87 102 117 43 54 65 75 87 
5.6  78 86 94 110 125 45 56 67 78 90 
5.8  84 93 101 118 135 46 58 69 81 93 
6.0  90 99 108 126 144 48 60 72 84 96 
6.2  96 106 115 135 154 50 62 74 87 99 
6.4  102 113 123 143 164 51 64 77 89 103 
6.6  109 120 131 152 174 53 66 79 92 106 
6.8  116 128 139 162 185 54 68 81 95 109 
7.0  123 135 147 172 196 56 70 84 98 112 
7.2  130 143 156 182 207 58 72 86 101 115 
7.4  138 152 165 193 219 59 74 89 103 119 
7.6  145 159 174 203 231 61 76 91 106 122 
7.8  153 168 183 214 243 62 78 93 109 125 
8.0  160 176 192 224 256 64 80 96 112 128 
8.2  169 185 202 235 269 66 82 98 115 131 
8.4  177 194 212 247 282 67 84 101 117 135 
8.6  186 204 222 259 296 69 86 103 120 138 
8.8  194 213 232 271 310 70 88 105 123 141 
9.0  203 223 243 283 324 72 90 108 126 144 
9.2  212 233 254 296 339 74 92 110 129 147 
9.4  222 244 266 310 353 75 94 113 131 151 
9.6  231 254 277 323 369 77 96 115 134 154 
9.8  241 265 289 337 384 78 98 117 137 157 
10.0  250 275 300 350 400 80 100 120 140 160 
10.2  260 286 313 364 416 102 122 143 163 
10.4  271 298 325 379 433 104 125 145 167 
10.6  281 309 338 394 449 106 127 148 170 
10.8  292 321 350 409 467 108 129 151 173 
11.0  302 333 363 424 484 110 132 154 176 
11.2  313 344 376 440 502 112 134 157 179 
11.4  325 357 390 456 520 114 137 159 183 
11.6  336 370 404 472 538 116 139 162 186 
11.8  348 383 418 488 557 118 141 165 189 
12.0  360 396 432 504 576 120 144 168 192 
12.2  372 409 447 522 595 122 146 171 195 
12.4  385 424 462 539 615 124 149 173 199 
12.6  397 437 477 557 635 126 151 176 202 
12.8  410 451 492 574 655 128 153 179 205 
13.0  422 465 507 592 676 130 156 182 208 
13.2  436 479 523 610 697 132 158 185 211 
13.4  449 494 539 629 718 134 161 187 215 
13.6  463 509 555 648 740 136 163 190 218 
13.8  476 523 571 667 762 138 166 193 221 
14.0  490 539 588 686 784 140 168 196 224 

   
 


