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v Challenging (2)

VIII-A-la: SOIL WATER MOVEMENT

QUESTION: : o

How does water move into the earth?

MATERIALS:
Ring stand and column clamps plastic or glass column, at least 30 cm. 16ng; column outlét with. =

clamp fitting; wire screen in bottom of column; 100-m1. graduated cylinder; two 400-ml1. beak-
ers {larger, if available); sorted earth materials (sieved sand, gravel, etc.). _ .

SUGGESTED APPROACH:

T. Keep prelab discussion brief. Review the hydrolegic cycle, in general, and infiltration of .
water into soi1,s§ecifica11y. RN

~ The fotlowing questions can be raised:
a) What factors control the amount of water that a.soil can hold?

b) What factors control the rate at which water can seep into soii?

le]

What factOPS'control the amount of water retained in a soil after it is drainéd35 b

oL

2]

Whatldiéectfon'does water move through soil?

B e S P R

)

)

J How does water move through soi1?
) R

)

f

How could any or_ai?'of these factors be measured?
2, Have the students set up the apparatus, measure,and record. data concerning each Vékiable;;}gﬁ“h

3. Conduct class demonstrations as follows: -

"a) Place 100 ml. of Toose soil consisting of a mixture of particle sizes in a p?astit _ o
tube, and measure the amount of water necessary to just cover the uppér sirface of SR
the particles. _ _ e S

b) Set up three plastic tubes each about 3/4 filled with different-sized particles (Tugg, i
fine sand, coarse sand, and gravel), Submerge the bases of the tubes equidistant into s T o
beakers of water ieaving the clamp open so that the water is in contact with the base " = .
of the scil column, Mark the Tevel to which the water has risen,with a grease pencil, = - °
using Z-minute time intervals, Allew the students to measure and record these LT :
measurements during the class period. The apparatus can be left on display for days. .~ -0
with a new mark béing made on a once or twice per day basis. The rate of rise will: .
decrease rapidly after the first half hour. o o

‘4, Have the studeﬁté-gréph their results and draw inferences from the graphs.

1. MWét particles should be removed and tubes cleaned and dried befare rerunning the investi'
gation (push a paper towel wad through the tube with a long stick). If this is not done.:
allowances must be made for the water that is retained. - c K

2. The larger the particles, the harder it is to estimate when the surface is justHC§vered ; R
with water, Some approximating may be necessary. : SN ; 3__,'

Co
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No particle larger than 1/6 of the column diameter will work effectively because of poor
packing.

TYPICAL RESULTS:

Student results will be gquite varied, but you shouid expect the following:

1.

There should be enough class data to convince the students that porosity is relatively
independent of grain size.

The smaller the particles, the stower the rate of infiltration {Tow permeability}.
The smajler the particles, the higher the rate (and amount) of capiliarity.

The smaller the partic?es, the greater the amount of water retained,

MODIFICATIONS:

1.
2.

3.

Whenever possible use earth materials; when unavailable, use beads, shot, etc.

Three or four tubes with different grain size soils can be set up with the bases of the
tubes submerged in water and left for a couple of days to show how high the capillary
water will rise if given time.

Water retention in solls is related to the surface tension of water. To demonstrate
this phenomena, the fo1iowing demonstration can be done. Fi11 two new test tubes

(make certain Tips of the tubes are not scratched) to Tevel full with water and ethyl
alcohol. The tubes must be Tevel full. Drop BB's from a hejght of 1 cm. into each
tube, and count the number dropped befere the ticuid begins to overflow the test fube, *

The higher surface tension in water shouid a?low a considerably larger number of BB's to
be dropped into the tube before overfiow cccurs.

REFERENCES:

Investigating the Earth, pp. 209-210; Teacher's Guide, pp. 258-260.
Ground Water in New York (1964},



VIII-A-Ta: SOIL WATER MOVEMENT

QUESTION:

How does water move into the earth?

INTRODUCTION:

Have you ever seen water seeping or flowing from a hillside?
does ground water move through the pore spaces in earth materials?
Can water move upward through soil?
find evidence to answer some of these questions and others by examin-
ing properties of earth materials that affect the flow of water

through soil materials.

OBJECTIVES:

- When you have finished this investigation, you should be ab!e to-

"O

METHOD:
| 1.

describe the effects of a change in soil particle size on each of

the following: a) porosity
-b) permeability
c) water retention
d) capillarity

Set up the column as shown in the diagram.
You will be provided with guantities of
different sized particles. Place 100 ml.
of one.of the sized particles in the
coiumn, making sure that the wire screen
is in place to prevent the particles from
running out.

Measure and record the amount of water
needed to just cover the upper surface
of the particles and the time necessary
for the wetting front to reach the bot-
tom of the tube. This will provide a

relative measure of the infiltration

rate,

Open the clamp and allow the water to
drain”into a clean dry beaker. Remove
the beaker when the flow is reduced to
dripping, and measure the volume.
Calculate the amount of water that was
retained by the particles,

In this investigation you will
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VITI-A-la

4, Repeat the procedure,using as many different-sized particles as
you are directed to do,

5. Make observations and measurements of the demonstrations that your
teacher has prepared for:

a) the amount of water necessary to just cover the upper surface
of 100 ml. of a Toose soil consisting of a mixture of particle
sizes.

b) the rates of capillary action in three soils consisting of
different but uniform particle sizes.

6. Prepare graphs of each variable observed (i.e., amount of water
needed to fill the pore spaces, time necessary for infiltration,
amount of water retained in the soil and capillary movement) vs.
time. Examine your graphs and draw inferences from them.

QUESTIONS: .

(A-1.12) 1. What soil conditions are necessary for infiltration to
occur? '

(A-1.21) 2. Describe the relationship between the permeability of
soil material and its particle size,

(A-1.22) 3. How far downward will a water molecule move after it
infiltrated Toose soil?

(A-1.31) 4, What factors influence the porosity of soil material?

5. Which soiil particle size retains the greatest amount of
water?

(A-1.41) 6., What is the relationship between the capillarity and
soil particle size?



.Challenging (1}

VIII-A-3a: STREAM POLLUTIGN

QUESTION:

What is man's effect on the earth's water?

MATERIALS:

Student handout sheets, inciuding supplementary map and graph sheet.

SUGGESTED APPROACH:

T. Conduct a class discussion concerning water pollution, considering the fo?!owing top1cs-' .‘- 2
a) How can you define water pollution?
b) What are some common pollutants found in water?

c) How could a study be conducted to determine the amount of water pollution ex15t1ng
in an area?

2. Aisig? the student handout sheets as a homework exercise (including the suppiementary'  :
sheet . '

3. After the students complete the exercise,conduct a brief concluding dlscuss1on dur1ng"“
which you may want to consider the followihg: .

a) There are natural forms of polliution as we11 as manmade forms, o
b) Little can be done to prevent natural po]?utaon,but to add to it unnecessar11y 1s" i
unaust1f1abie

TYPICAL RESULTS

1. Students should easfly recogn1ze the close correlation between gquantity of d1ssa?ved _
solids in area streams and the bedrock types over which they flow.

2. They shou?é recogn1ze ‘the sharp 1ncrease in dissolved solids on graph #1 as beang a_ SRR
result of the Tonawanda Creek flowing across a boundary onto rock type B which is 3:-_
rich in dissolved solids. . '

'3. Observations of graph #2 shbu1d resylt in the 1nference tha* the sharp 1ncrease ah :
dissclved solids at Gowanda is most Tikely due to man's polluting the stream at that '
point since the stream fiows over only one bedrock type. .

BACKGROUND INFORMATION:

The total dissolved solids iliustrated in graphs #1 and #2 include - 5102, Ca, Mq, Na, x?, - l_QfQ3.:;v. .
HCO5, S04, C1, and NOj. ST

R£?ER£NCES'-

Erie-Niagara Basin, Chemical Quality of Streams, Basin Plannang Report ENB~4 1968, pp. 9_ B
2932, Available from the State of New York Conservation Department, Water Resources

Commission,




VIIT-A-3a: STREAM POLLUTION

QUESTION:

What is man's effect on the earth's water?

INTRODUCTION:

Water pollution concern has increased greatly in recent years, prob-
ably due to the fact that increasing populations have greater needs
for pure water. However, water poliution is not a new situation; in
areas of high density population it has proven to be a problem through
the ages. For example, one of the first recorded incidences, of large
magnitude, occurred during the barbarian invasion of Rome during the
fourth century A.D., The sewer system of Rome,clogged by silt and
refuse, fell into ruin., Farmlands drained by the Cloaca Maxima revert-
ed to a malarial swamp (the Pontine marshes). As a consequence,
plagues and malaria debititated thousands of Roman citizens when

their services were needed to defend the Empire.

During the Civil War, water pollution probably resulited in deaths due
to dysentery, typhoid, hepatitis, etc., and may have spellied the dif-
ference between victory and defeat in some crucial battles.

Long before man's existence, the environment was contaminated with
natural undesirable ingredients. Examples of natural pollution might
include dust, silt, volcanic products,and chemicals dissolved from
rock and soil over which the water has passed. These forms of natural
pollution are still in existence today and, with the addition of wastes
by man, the problem is compounded,

o

OBJECTIVES:
When you have finished the investigation, you should be able to:

1. analyze maps and graphs of water quality data, and draw inferences
concerning probable sources of poliution.

METHOD:

1. Study mep #1,and make careful observations concerning: the area
of New York State represented, the types of bedrock present and
where they are exposed at the surface, the locations of Tonawanda
and Cattaraugus creeks and the major population centers,

2. Compare map #2 with map #1 and draw inferences from your obser=
vations.

3. Observe graph #1,and compare it with map #1, Draw inferences



VIII-A-3a

concerning the probable sources of the dissolved solids,

4, Observe

graph #2 and compare it with map #1. Draw 1nferences con-

cerning the probab?e sources of the dissolved solids.

QUESTIONS:

(A=3.11) 1,

(A-3.21) 2.
(A-3.31) 3.

What are the probable sources of the po11utants found 1n  f‘;:

both creeks?

What kinds of pollutants are studied in this 1nvest$gat50n??z' g

Where are the greatest increases in the amount of poT]u- '
tants in the streams observed?
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Supplementary Sheet
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VITI-A-3h: WATER PURIFICATION

QUESTION:

What is man's effact on the earth's water?

MATERIALS:

Large beaker, glass, or jar; muddy water (can be made from clay or soil and clear water)t'
scdium bicarbonate; aluminum sulfate solution (most liquid deodorants and styptic pencils, -
ysed to stop bleeding from small cuts, contain aluminum sulfate).

SUGGESTED APPROACH:

1. Discuss with the students, problems in pure water shortages that exist today. Ask them.£61=.'.-”
jdentify some solutions to these problems. Water recycling should be included in the
discussion,

2. Discuss some of the problems faced in removing pollutants from water and making it usable ;ﬂ_;;
for humans to drink, : : o

3. Provide the necessary materials and have the students complete the laboratory part of the = -
investigation,
PRECAUTIONS: . o s
1. If the water is too muddy, it may take longer than a period to coagulate. It may be necess - .

sary to dilute the muddy water with some fresh water to speed up the process. You may
want to find the right combination before the class tries the investigation. :

TYPICAL RESULTS:

?hé muddy'watér should clear up in a matter of minutes after the chemicals have béeh added*'7”--7§ 1f}
and stirring has taken place. o ~

MODIFICATIONS:

1. Filtration and the purifying effect of biologic action can be demonstrated by using a
large pipe.  The pipe should be 4 to & inches in diameter and 8 to 12 feet long (e.g., = 7 .-
plastic.drain pipe), The pipe should be capped at one end with a fine screen and sup- '
ported in a vertical or near vertical pesition. A pail of polluted water should be = ' -n.i0 -
positioned above the pipe and siphoned into it, The siphon tube can be clamped $o0 that. . . "

- the water enters at a rate less than the permeability rate of the sand. In a few days, -.. " "
the water should begin to trickle out of the lower end of the tube, This water can then . ..
be observed and tested for purity. ' R L

e




YI11-A-~3b: WATER PURIFICATION

QUESTION:

What is man's effect on the earth's water,

INTRODUCTION:

Man's popu1at1on and water needs are both increasing. At the same
time, he is continuing to pollute more of the hydrosphere. This set
of conditions can only result in an eventual shortage of natural pure
water. Because of this, more attention is being given to techniques
of water purification.

The cost of purifying fresh (not waste) water ranges from a few pen-
nies to seldom more than about twenty-five cents per thousand gallons.
For purifying waste water, the cost will usually be greater, possibly
as much as double,

The responsibility for designing and operating a water purifying plant
is usually given to the chemist or chemical engineer. What are some’
ways in which waste water can be purified? '

METHOD:

1. Place some muddy water in a beaker. Allow a few minutes for the
heavy partic!es to settle to the bottom, then pour the: part1a31y
settled water into another beaker.

2. To be sure that the water is sufficiently alkaline, dissolve a
small amount of sodium bicarbonate in it.

3. Next, dissolve a small amount of aluminum sulfate in the water.
(Th15 can be accomplished by scraping the edge of a styptic pencitl
(which contains aluminum sulfate) with a sharp knife.)

4, Stir the mixture rapidly at first, to assure quick dispersion;
then sTowly, as a change begins to occur.

5, After stirring for 2 or 3 minutes,allow the mixture to stand.

6. Make careful visual observations of the changes that occur in the
beaker, and record them.

QUESTIONS

1. What change orrurred in the beaker after the aluminum sulfate was
added?



(A-3.21) 4,

(A-3.32) 5.

Sodium ond
potassium in
wotar, papams,

a)
b)
c)

(A~3.42) 6.

VIIT-A-36

How does this change "purify" the water?

After the change has occurred; is the rema1n1ng water ‘]J;fﬂfggff"“" 3
“pUY’eu? ) _ ST

What are the characteristics of the pollutant that was fV s
removed from the water in this 1nvastigat10n7 . RN

_ RISING POPULATION EFFECTS IN LAKES |
20 §e |

Lakes .
% ' Ontario . .-
2 ond Erle

Lake Huron . L

1850 1890  te20 ~ -1930'- |

Which of the lake regions represented in the graph abcvejff“fff
would you expect to be most heav11y popu1ated? Exp?aino,fﬁ

On which of the lakes would you expect to f1nd the great;j7fﬁ_..;.f
est amount of industry? Exp1a1n i R

What are some possible 1nterpretat1ons for the change 1n § -f{'V7*9
the graph of Lakes Ontario and Erie? L PR

Assuming that each person uses about IOO ga1}0ns of water“~fT
per day and the approximate cost of purifying watey igoi
twenty-five cents per thousand gallons, what is the- '--,:--z;
annual cost to purify water for use by you as an 1nd1v1d~ e
ual and by your community? \ RERRET




WATER BUDGET

FOR; _Alexandria, Louisiana

WATER BUDGET
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WATER BUDGET
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VITI-B-1a

MODIFICATIONS:

Water budgets are available for most areas in New York State, The feacher may want to include
more logal data, either in place of or in addition to the data given in this Tlab.

BACKGROUND INFORMATION:

1.

The hydrclogic cycle operates like a pumping system with solar energy and gravity acting
as the driving force. The water comes to the earth from the atmosphere as precipitation
and condensation, from the earth to the atmosphere as evaporation and transpiration.

Not all the water on the earth is in motion. At any given moment,only about 5 gallons

of every 100,000 is in motion. The rest is stored in the oceans, glaciers, underground
water, and surface water. :

Areas having excess solar energy {dry areas) will evaporate most of the precipitation
arriving in the area.

Areas having excess precipitation (moist areas) will not evaporate all the precipitation
arriving. The excess precipitation will either Teave the area as surface runcff, be stored

as capillary water within the rooting zone of plants.or penetrate through to the water
tabie.

Factors determining which wiil occur, infilttration or surface runoff.
A. Texture and structure of the soil - porosity and permeability.

B. Thickness of the soil and water-absorbing characteristics of the bedrock underiying
the soil.

C. Slope of the land - steep slopes promote runoff; fiat land promotes infiltration.

D. Vegetative cover - vegetation decreases the velocity of raindrops and helps preserve
the structure of the scil, ‘

E. Rate of precipitation - if the rate of precipitation exceeds the permeability rate of
the soil, the surface zone will become saturated, encouraging runoff. {Relate this
to Lab VIIT-A-Ta Water Movement Through Scils.)

Water that infiltrates into the soil may remain above the water table and within the root
zone of plants as "capitlary water,' or it may continue to move downward as "gravity water®
untii it reaches the water table. This will depend on the dryness of the soil, The dryer
the soil, the mere water will be retained as capiliary water. After the scil reaches a
certain moisture content, the remainder of the infiltrating water will continie ‘to move
downward under the influence of gravity until it reaches the water table, or saturated zone.

Netz: Water budget computations consider only the "capillary water" stored above the
water table and within the rooting zone of plants {this can extend downward trom the sur-
face 9-10 meters or more). Infiltrating water which passes through this zone and.on to
the water table s handled under the heading of surplus, since much of the excess will
eventually seep back into stream beds and leave the area.

REFERENCES:

Imvestigating the Farth, pp. 218-223; Teacher's Guide, pp. 267-273.
The Earth Sciences, A, N. Strahler, Chapter 25,



VIII-B~-1a: THE LOCAL WATER BUDGET

QUESTION

How 15 the water budget jnfluenced by the env1r0nment? o

INTRODUCTION

. What happens to the precipitation and condensation that reaches the 9-:']:.-.-
a_-”earth s.surface? If we were to investigate this question in a-jocal-
“area, we would find that some water escapes from the region in stream L
flow, some evaporates or is transpired by plants, and some sxnks 1nto L
the ground . _ _ =

This 1nformatzon may be summarized in the f011OW1ng equat1on-- Prééipé'ﬁ-e“ 
_itation = evapotranspiration + stream flow + infiltration, or in :
symbols: ' R T

P=rgs + S.F. + 1.

In a Tocal area drained by one stream, we could measure some of these -
variables, The total precipitation can be measured by using rain
gauges placed randomly throughout the area. The stream flow can be .. ..
measured by determining the volume of water passing through the streamjfj-- L
channel at a point where it leaves the area. Infiltration can be de-
termined by observing water level changes in dug we31s where the SRR
poros1ty of the soil is known.

Evapotransp1rat10n is not as easily measured because of 1nteract1on L
between variables such as: wind velocity, relative humidity, temperugsf-*iiuiF
ature,and various types of vegetation, each with a different transw R T
piration‘rate. However, by rearranging the abeve equat1on to Ea St

P - S, F -1, we can solve for Ea. . R coa

_'Th1s method is somet1mes used to determqne the 1nput = output re1at10n-iﬁ';$-;i
ship of water in an area. Because of the expense involved in carrymng',;-]]‘*
out a prolonged investigation of this type, it is seldom done unless =

- warranted by major proaects such as vast 1rr1gat1on systems dam o
bu11d1ng, etc, . _ L

The water budget is a model wh%ch can be used to ana]yze the changes >
that occur within an area. The model is an approximation for a. generalp- o
area and does not always represent specific cond1t10ns at aI] po1nts
within the region. g SRR

The values that are derived in the table W111 heip you determ1ne probn-jffi;
able periods of water runoff and water storage. : e




VIIi-B-la
OBJECTIVES:

When you have finished this investigation,you should be able to:

1. when given the Ep and P data for a Tocality and the maximum soil
storage in mm. of water, you should be able to:

a) identify the climate as being moist or dry.

b} identify months when maximum surface runoff will likely
occur (flood potential). '

c) identify months when soil moisture storage is at a
minimum and irrigation may be desirable.

d) identify periods of soil moisture usage and recharge,

METHOD:

1. Complete the water budget table for Alexandria, Louisiana, and
prepare a water budget graph.

2. Prepare a water budget graph for Syracuse, New York and E1 Paso,
Texas,

On each of the water budget graphs, label the following, if present:

A, USAGE - months when stored moisture was withdrawn from the
plant rooting zone of the soil by plants and evaporation.

B. RECHARGE - months when the stored moisture within the rooting
zonerof plants was replenished.

C. SURPLUS - months when storage within the rooting zone was at a
maximum (100 mm.) and surface runoff or penetration through to
the water table occurred.

D. DEFICIT - months when solar energy is available to withdraw
moisture but none is available either in the vrooting zone
moisture or as fresh precipitation.

JUESTIONS:

(B-1.11) 1, What is the moisture source for a water budget?

(B-1.21) 2. What factors determine the maximum evapotranspiration
that can occur in an area?

(B-1.31) 3. What was assumed to be the maximum amount of water that
could be stored within the rooting zone of plants as
capillary water?



(B~1.41) 4,

(B-1.51) 5,
(B-1.61) 6.

(B-1.71) 7.

(A-2.11) 8

10.
1.

(c-1.11)12,

13.

VIIx,B;1af :

When precipitation is Tess than potential evapotransp1ra--r;f:{;; ;
tion, what is Tikely to happen to soil moisture storage? RIARERCER

When does a mojsture deficit exist?

When precipitation is more than potential evapotransp1ra-.jfl*'

tion, what will happen to soil moisture storage7

What are the conditions under which surp1us moasture may ' 

exist?

What are some surface or near surface 3011 cond1t10ns
that might Tead to surface runoff? L

Which climate is most desert-Tike, E1'?aéo or‘Aiexandr1a?°

How does the climate of Syracuse compare to El Paso and
Alexandria? _

Why are the Ep values high in the summer and 10w in the
winter? _

What factor probably accounts for the §1m1féﬁif&'béfwéen:

the Ea curves of E1 Paso and Alexandria.and the d1$sam1-i. A

larity of the Ea curve for Syracuse?

How does the water budget of an area where fre&iin@'wihtér*.
temperatures are experienced differ from water budgets of_-pt
ah area where the temperature remains above free21ng a11
year? et




SUPPLEMENTARY SHEET VIT1I-B-1a
. (Water Budget Table & Graph)
J F M A M J J A S 0O N_D
Alexandria, p [1271133]142]134.119|115]136]106] 73| 851111]152
Louisiana Epl 15! 18| 45| 75/122|164]1791170|129] 69| 31| 15
Syracuse, p | 72| 68| 81| 75| 74| 87| 84| 82| 72| 76| 68] 72
NY Epl 0l ol 3] 34| 83/1151134]122| 84! 46| 15| 0O
E1 Paso, p | 10l 11| 8| 7| 8| 18] 40} 41] 33| 17] 13| 12
Texas ep| 11] 18l 37 751171163171 152111 62 24| 10
JIFIMiA ML IV ALS|O)|N|D [Totls
5 .
Ep
p-£ V%
ASH | %
St o /&
Ea 0
D
S :
200
175
SURPLUS
150
S
@
= 125 i
= . ate
S DEFICIT
» 100
S
g
QL 9
E 75
[ 4 y s
. USAGE
& NS
S
0 RECHARGE
J F M A M J J A § 0 N D
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Challenging (2)

VIZI-B-2a: STREAM HYDROGRAPHS | RERREL
QUESTION:

* How is the local water'budQEtlreTated:to stream dfscharge?f

MATERIALS;

1. Tables of daily streamflow measurements for: Horsepen Creek, ﬁarbor-groek,'an&:
Government ditch {supplementary sheets).

2. Completed copies of the Tocal water budget investigation.

SUGGESTED APPROACH:

1. Review concepts of the water budget with the students. Place emphaSIS an cond1t1ons that%f ' -
result in surface runoff, Ask the students how information concerning runcff from an..c ol
area could be measured. - R

2. Have the students graph data (see precaution #2), This can be accomp1ashed as a homeworkg_-ff
aSSlgﬂment providing a uniform graphing scale is agreed upon. _ _ P

3. lhen the assignment is comp]q;gd have the students connect their sections of the graphs. S
Display the three comp?etedigraphs on the wall, Ask the students to chserve and compare = o
the stream hydrograph with ghe water budget from the same area and to defeﬂd the1r COM= "o ey
parisons in each case, % . ERE

&

"

PRECAUTIGNS:

1. The water budget 1nvest1gat1on should be compTeted befora this 1nvest1gat1on 1s begun. f_} ;

2. Make the job of graphzng brief. Expecting a student to graph an entTPe year by days, or- S
+even by weeks,is tedious. Have each student graph a small part, and then combine tbe '
parts for a large yearly graph, This way, many hydrographs can be easa]y comp]ated

3, Do nct indicate the locations of these streams to the students unt11 compiet1on of the
. investigation, R

BACKGROUND INFORMATION

1. Hersepen Creek is located near Provencal, La. The measurement was made near. the 1eft
bank on ‘downstream side of bridge on State Highway 117, 3 1/2 miles south of Provenca]
This location is approximately 50 miles Nw. of A1exanér1a, Louisiana,

2. Harbor Brook is Tocated near Syracuse, N.Y, The measurement was made on the raght bank
- .. 145 feet downstream from bridge on Velasko Road at Syracuse, Onondaga County, and’ about
weow3 miles upstream from the mouth e

":S;JHGovernment d;tch ts located near E1 Paso Texas. The measurement was made at the Tnter»
sect1on of Montana and Houston Streets, E1 Paso, ?exas : L
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VIIT-B-Za

REFERENCES:

Imvestigating the Eerth, pp. 204-225, Teacher's Guide, pp. 255-279,

Water Resowrces Data for Tewas - 1868, Part I, Surface Water Records.

Water Resources Data for Louisiana - 1968, Part I, Surface Waten Recovds. .

Water Resources Data for New York - 1888, Part I, Surface Woter Records. This catalog of
streamflow data can be obtained from the District Chief, Water Resources Division, U. S.
Geological Survey, P, 0. Box 948, Federal Building, Albany, New York.



VIIT-B-2a: STREAM HYDROGRAPHS

QUESTION:

How is the Tocal water budget related to stréam'dischéfgé? .:J, :'f' 3  ﬁ?71T1

INTRODUCTION:

What is the pattern of streamflow throughout a year? How is the .
change in volume of a stream related to the water budget? Would. you

expect a seasonal pattern to exist in streamflow? In this investi- ,_' ' ”

gation, you will analvze streamflow data and compare it w1th the
water budget from ‘the area. -

OBJECTIVES:

When you have finished this investigation you should be able to$' :73.:””T”'

1. 1identify the months during which maximum and minimum streamf]ow
occurred when provaded with a yearly hydrograph for a stream"

2. match a stream hydrograph of an area w1th a water budget from the
same climatic region, :

METHOD:

1. Graph the data provided in the manner exp?a1ned by yeur teacher. e

2. Compare your graph or graphs with the water budgets that are ava11~:ffihj} f

able to you,

3. The stream hydrographs you have prepared are for streams n the
V1c1n1ty of each of the three water budget areas that®yous worked:

with in a previous lab, Observe the characteristics of hoth your '“7'”'"'”

water budgets and stream hydrographs, and attempt to match the.-

hydrograph with the water budget area near which the stream is. : ;fi$f};'”"

Tocated.

QUESTIONS:

1. Compare the land area drained by each of these sfréaﬁé
Describe their sizes relative to some local streams w1th
which you are familiar. L

(A-2.11) 2, what is the relationship between streamf1ow and preC1p_:,fjj“-"

itation? Will this relationship be more pronounced in a:
small stream or in a very large stream? What factors

other than precipitation might affect the rate of in- fijggﬁj

crease of stream discharge?




VIii-B-2a

(A-3.31) 3. According to the "Remarks" concerning flow of Harbor
‘ Brook, what effect has man had on this stream? What
density of human population would you expect to find
near the gauging station in this stream,

(B-2.11) 4. What could be the source of the water that keeps streams
flowing even during Tong periods of no precipitation?

(A-2.11) 5. What is the basis on which streamflow data can be matched
with water budget data?



Supplementary Sheet #1 ' VIIIéﬁ—éa:.'_" |

Horsepen Creek

Dfs;harge, in cubip'feet perlsecond,_water year Oct7~1967_tc Sebt.‘TQSSI )

Day Oct.  Nov. Dec’, Jan, Feb. ~ Mar, Apr., May June July Aug. - Sept, Il
1 .20 .43 .32 2.3 1.6 4.8 2.3 1.3 1.0 .32 .32 - 80 S
2 .18 .32 A3 2.9 3.1 3.5 120 1.2 .92 2.1 30 .80 .

3 .16 .30 b4 2.6 1.9 5.3 28 1.2 1.1 6.5 .30 1.1 o

4 .15 .24 40 5.8 1.4 3.4 106 8.9 .96 0 1,1 28 11 :

5 14 :28 .32 31 1.1 2.9 32 2.8 76 .61 2E 28 L

6 .14 .28 .32 44 .96 3.7 8.5 1.2 .88 43 220 1 SR

7 .14 .28 .32 5.5 .88 3.4 4.2 1.1 1.1 .34 ol 2.9 TR

8 .16 .28 .32 3.0 .84 2.7 269 1.1 1.1 300 M T4 | ‘

g .24 .28 37 100 .88 2.5 280 2.9 .92 .30 ! T.2. 7 L
10 .16 .28 .56 42 .88 2.4 48 119 .84 .34 ) 1.1 AR
11 .15 .26 .61 7.9 .88 9.5 21 4z .80 .32 708 1.1 R
12 14 .26 .80 4.0 .84 19 14 31 76 .32 189 . 1.0 -
13 14 .28 .55 3,1 .84 4.4 12 9.3 Ny 37 165 C .92 n
14 .14 .28 2.4 2.7 .88 3.0 9.7 4,5 .68 37 21 .88 B
15 .13 .26 49 2.3 1.9 2.6 8.1 3.0 .54 A0 11 8.1 e
16 .43 .26 5.3 2.0 1.7 2.3 6.7 2.4 1.1 <37 7.5 5.8 R
17 .43 .28 8.9 1.9 1.3 2.0 6.0 48 .84 .37 nLT 6.0 AT
18 024 .26 3.8 1.7 1.3 1.9 5.3 79 .52 .B2 A7 4.4 SRS
19 .20 .28 1.3 1.6 1.3 1.7 4.8 9.3 .52 .80 3.3 1.2 PRI
20 .20 .30 .88 1.5 1.1 1.8 4.4 4.1 .49 .61 2.8 1.1 ';Q
21 .20 .30 .80 1.4 1.1 6.7 5.1 2.9 .46 1.2 2.4 T.1 =
22 .20 .32 1.4 1.5 1.4 61 8.1 2.1 52 1T 2,00 1,00
23 .20 34 .84 12 1.5 14 5.1 1.4 76 112 1.6. N VA
24 .18 . .37 .64 7.1 1.6 5.3 4.0 1.2 B4 24 1.2 .88
25 15 .32 .58 3.2 2.4 3.7 3.1 1.1 .92 6.0 1,2 00 80
26 .15 .30 .52 2.3 1.6 3.0 2.8 16 6.3 1.8 10 .88
27 A5 .30 .55 1.8 1.2 2.7 2.6 4.4 1.2 1.1 B T E Y
28 .15 .28 1.3 1.5 43 2.4 2.5 2.4 .68 B0 1T 76
29 .18 .30 .92 1.4 16 2.3 3.1 1.2 49 0 BB 1.0 L2
30 2.6 .32 .80 1.3 ——— 2.1 2.5 1.1 .37 B2 g2 68 e
31 .96 ——— 2.3 1.3 w—— 1.3 s T wwee A0 B8 —ea

TOTAL 8.99 8.84 88,18 302.6 ...95.38 187.9 1,028,7 . 408.2. 28,99 176.19 479.16 . 95.42-

Drainage area.--5.27 sq, mi,

‘Remarks.--Records good.
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236.9 334.8 492.5 308.9 172.3 320,01 306.9 157.3 124.2

Flow includes some sewage and storm sewer inflow, some originating out-

315,3

Supplementary Sheet #2

Discharge, in cubic feet per second. water year Oct. 1967 to Sept. 1968

0ct. oV,

Day

Ll T g <O 00w wd — ~ O~ =5 M~ =t PP Pt o
- « o s e ® = = ¢ + 5w a8 o 2 = 8

7“6.[77 OO M0 W Mt — 0 CQ P~ I~ WO 0 MO W =2 e e N )
o — O — O pem e gre —

— o QLD O e O —— o e o — =+ 447w

s e e = & & 4+ . = - . « s o

[a2] o [l=RicREsRIs NN LD o0 o O P e o2} OJODTH

146.8  369.4

TOTAL

Drainage area.--9.63 sg. mji.

Remarks,--Records fair,

side the basin.
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Government ditch
Nov, Dec, Jan, = Feb,  Mar. - Apr., " May June  July Aug.:-

, Dischgrge, in cubic feet per second, water year Oct. 1967 to Sepf.‘1968“

Supplementary Sheet #3
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QUESTION:

l Challenging (3}

V{I1I-~C-~Ta: CLIMATE OF AN IMAGYNARY CONTINENT

What factors affect ciimate patterns?

MATERIALS:

!

Student handeut sheets including the supplementary sheet (map of an imaginary continent),
compieted water budget investigations, colored pencils or crayons, and optional photographs
(magazine or 35 mm. slides) taken in various world climate areas. -

SUGGESTED APPROACH:

Part I

Part Il -

Part 111

A,

A,

Ask the students what kinds of relationships between precipifation aﬁd
potential evapotranspiration they would expect to find in an arid regioh,
and in a numid region. Could this relationship be expressed numerically

as a ratio? What range of numbers would represent arid regions? humid
regions? ' :

Have the students prepare a P/Ep isoline map from the information p1ot{éd on
the map of the imaginary continent. Have them shade arid regions in red and
humid vregions in blue. This can best be done as a homework assignment.

When part I has been compTeted, briefly discuss the P/Ep isoline map making
certain that all students have identified the major arid and humid regions.

Ask the students if they could improve upon their maps by designating more
accurate climatic regions, such as humid, subhumid, semiarid, arid,and mountain
ctimate zones if they were to consider other factors (i.e., latitude, elevation,
nearness to large bodies of water, oceah currents, mountain barriers, and
planetary wind systems). In a class discussion,decide on the probable ocean
current patterns and planetary wind systems that might be found on and around
the imaginary continent. (sée map under Typical Results),

Attow thé'students,to'éomp1ete refinements on théir_mgps as a homework assignment,

As a concluding class exercise, have the students refer to their water budget

investigation and plot on the imaginary continent the most. tikely position for
each of the threé water budget Tocations, Have them study photographs, either
projécted on a screen or in magazines, taken in various world climatic regions
and match these with their most probable Tocation on the dmaginary continent
(see map under Typical Results). Sl



TYPICAL RESULTS:

Probable Wind
and Ocean Current Map

"Isoline Map of
P/Ep Values

SN

S0’

Syracuse
A’

”f_éoF

A
IR e

o

3o

RNV
R

-5 INTERVAT =

BACKGROUND INFORMATION:

P/Ep Ratio Climatic Type Generalized Type
Greater than 1.2 Humid . .
0.8 - 1.2 Subhumid Humid
0.4 - 0.8 Semiarid .
Less than 0.4 Arid Arid.

REFERENCE;

Investigating the Earth, pp. 247-266; Teacher s Guide, pp. 299-327.

The Earth Sciences, Strahler, ch,

18,

Farth Science, The World We Live In, Namowitz and Stone, ch. 41 & 42

Principles of Climatology , Ne1berger and Cahir, Holt, R1nehart and wanston, 1969.

VIII-C-Ta.




VIII-C-Ta; CLIMATE OF AN IMAGINARY CONTINENT

QUESTION:

What factors affect climate patterns?

. INTRODUCTION:

You are well aware that many areas of the world have unusual climates -
deserts, tropical rain forests, polar ice caps, etc, What causes these

differences?

Are they predictable, knowing certain information? In

this investigation, you will apply what you have learned about water
budgets to locations on a continent to help answer these questions.

OBJECTIVES:

When you have finished this investigation yo& should be able to:

1. ddentify arid and humid regions when given yearly precipitation
and potential evapotranspiration data for various points within

anh area,

2. outline

climatic zones based on P & Ep data, latitude, elevation,

nearness to large bodies of water, ocean currents, and planetary
wind system information for an imaginary continent.

3. match a
tion on

4, match a
regions

METHOD:

Part 1

Part II A,

Part II1 A.

set of water budget graphs with their most probable Toca=
an imaginary continent.

series of photographs taken in various world climatic
with their most 1ikely position on an imaginary continent.

On the outline map containing P/Ep ratio data for a number
of locations within an imaginary continent, construct iso-
P/Ep lines. When the lines are completed, color the humid
regions blue and the arid regions red.

Defend your classification of these regions in a class dis-
cussion and be prepared to outline other factors that would
enable you to identify a more elaborate classification
system, :

As a result of your class discussion,outline as complete a
climatic classification system as you are able, on a new
imaginary continent map.

Match the three localitiés for which water budget informa-i
tion was completed, in an earlier investigation, with their



QUESTIONS:
(B-3.11) 1.

(c-1.11) 2,

(C-1.21) 3,

(C-1.31) 4.

{C-1.32) 5.

VIii-C-la -

probable position on your completed climate map of the _
imaginary continent. Be prepared to defend your decision, _-__?(’

Match a series of photographs taken in various world cli- -

matic regions with their most 1ikely pos1t1on on your
imaginary climate.

How can precipitation and potential evapotranspiration datd
be used to identify climatic regions? o

What relationship exists between 1at1tude and climatic
patterns?

Describe the effect of elevation on climatic patterns?

What effect does a large body of water have on the c11mate
of a nearby landmass?

What effect does an ocean current have on the climate of a

" nearby landmass?

(C-1.41}) 6.
(C-1.51) 7,

How do mountains affect the climate of a region?

How do planetary wind and pressure belts affect climate? .
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