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38°37/30” o R ' Tl L e \ l 8 EXPLANATION TABLE 2. —Soils classification
* General classification | Granular materials (35 percent or less passing a No. 200 sieve) Sti-clay matemalsN(omozr(')eo t;;z:& percent passing a
37 37 42 x ad .
Nonplactic sandy soil derived from fluvial deposits of A-1 A-2 A-17
Pleistocene age Group classification A-3 A-4 A-5 A-6 A-8
a b 4 5 6 7 5' 6
: Sieve analysis
an : i L Percent passing
Nonplastic poorly graded soil derived from fluvial No. 10 sieve 50 max,
deposits of Pleistocene age No. 40 sieve 30 max. |50 max.| 51 min,
¢ No. 200 sieve 15 max. |25 max,| 10 max. |35 max.|35 max., | 35 max.|35 max.| 36 min, |36 min. |36 min, |36 min.| 36 min.
“MBI3- Characteristics of
< fraction passing
Nonplastic gravelly and poorly graded sandy soil No. 40 sieve
P derived from marine beach sediments Liquid limit 40 max.|41 min, | 40 max,|41 min, | 40 max,|41 min, |40 max, |41 min.| 40 min. [42—400
Plasticity index. 6 max.| 6 max,|Nonplastic [10 max.|10 max, | 11 min, |11 min. | 10 max.|10 max.|11 min, [11 min.| 11 min. | 0—60
______ 39
Group index® 0 0 0 4 max, 8 max. |12 max, |16 max., 20 max,
b Nonplastic poorly graded sandy soil derived from General subgrade ) Unsatis-
) bnarine bench seditaiis rating Excellent Good Good Fair Poor Poor Poor Very poor factory
- Clean sand
i . Well-graded and Poorly graded, silty or clayey sand sil ..| Plastic| Plastic |Expansive plastic| Muck-
. : Material gravel and sand | gravelly and gravel ilty soil silt clay clay peat
S . Marine tidal-marsh deposits sand
/ 1Plastici'cy index of A-7-5 subgroup is equal to or less than the liquid limit minus 30.
______________ 35 ?Plasticity index of A-7-6 subgroup is greater than the liquid limit minus 30,
___________________ . . . . . *The group index is calculated according to the following formula: Group index = 0.2a + 0.005ac + 0.01bd
___________________ Nonplastic to slightly plastic sandy soil derived from in which: a = That portion of the percentage passing No. 200 sieve greater than 35 percent and not exceeding 75 percent, expressed as
fluvial dgposits of Pleistocene age associated with a positive whole number (1 to 40).
B A Y e AM23 soil b = That portion of the percentage passing No. 200 sieve greater than 15 percent and not exceeding 55 percent, expressed as
a positive whole number (1 to 40).
6 4 . ¢ = That portion of the numerical liquid limit greater than 40 and not exceeding 60, expressed as a positive whole number
(1 to 20).
7 ] - . . d = That portion of the numerical plasticity index greater than 10 and not exceeding 30, expressed as a positive whole
¥ Non_plastic to sl}ghtly 'plastlc san(.1y soil assocla_ted number (1 to 20).
E:nmdeun ’ with nonplastic to slightly plastic sandy and silty
e , soil derived from fluvial deposits of Pleistocene age
ut 38
; 2
3
? : Quillens Pt _
- g AM23 soil associated with swamp deposits
TABLE 3. —Results of laboratory analyses of soil samples
. i Point 2 . Nonplastic to slightly plastic sandy and silty soil Liquid limit: NL, nonliquid Plasticity index: NP, nonplastic
associated with slightly plastic silty and clayey soil
e Prm derived from fluvial deposits of Pleistocene age s Classifi-
W‘: i Mechanical analyses Moisture-density’ .
; 4 | cation
Lo i e T s BB e Sample | Depth of Cumulative percent by weight . Maximum | Optimum
& W s eﬁﬁ pit and | interval passing sieve— Fergent: by weight Liquid t?l'is density |moisture HRB* Map?®
; . : S site | sampled limit! | 2| (Ibs. per | (percent symbol
MB3 soil associated with fill ; index :
number | (inches) No. 4 | No. 10| No. 40| No. 200 Silt cu, ft.) by weight)
3/4 in| (4.7 | (2.0 | (0.42 | (0.074 | (0.062 to Clay
mm.) | mm.) |mm.) | mm.) [0.0039mm.)|(0.0039mm.)
45
) El319
) ) 318 0-34 | 100 | 100 |100 57.5 24 | oo e NL | NP |__.ooooo|oacaaaon. A-3 (0) | MB3
Soil sample pit 0-15 100 100 | 100 7.1 T3 P P NL [ NP || __ A-2-4  (0)
Location and number of pit from which soil samples 319 15-21 100 100 100 83.3 pii it | N S NL NP 119 10 A-2-4  (0)| AM23
were otbained for laboratory analyses (See table 3). 21-30 100 100 100 50.8 4.9 | i NL NP || A-3 (0)
General characteristics are summanrized in table 4 0—17 100 99;8 99.5 75.0 T | P S NL NP | o A-2-4 (0)
58 320 17-37 | 100 99.8 | 98.7 | 78.6 | 16,7 | coooooo|ccccooomne. ST - (R A-2-4  (0)| AM23
@ 3760 100 100 99,9 57.2 iy B ) I NL NP 113 Indefinite | A-3 (0)
Soil sample site 321 0-30 100 99.8 | 99.7 | 69.7 D A e e ——— NL NP | cncsees| sueseducs A-3 (0) | MB3
40 Location and number of secondary soil sample sites. 0=7  |ecmman]cmanes 99.6 | 77.7 il e (RS — Lt et (PESTREIRRPIR [— A-2-4  (0)
i Samples were collected with a one-inch-diameter 3A =41 || omeion | rsanm 99.8 | 87.9 49,2 | chcescuccs | encsisecmm e 23 (- N (NN (R A-4 (3) | AM24
long-core soil sampler. For results of laboratory 4472 | oo __ 98.2 | 71.4 V.1 o I (SRS USRS <40 |10 | oo e A-2-4 (0)
analyses see table 3; for general characteristics see 3B 0—-14 | ______|oo___ 99.6 | 68.4 743 N T (- S <40 NP || concrmcs | eooseene A-3 (0) AMS
table 4 13 1492 |ooooooloo el 99.8 | 74.2 49 |coeoo oo oo <40 NP e | et e A-3 (0)
a 12-18 =18 | oncmen | comses 99.8 | 83.6 11,0 | e e <40 [ 10 |fospseness|osmscssms A-2-4  (0)
& 36 @® 3C 1642 | | oo 99.7 | 86.8 .+ T S— <40 |<10 | |ocooo_. A-2-4  (0)| AM23
; b . 1 42-72 PRSI PR, 99.9 88.6 5 P B OO 40 NE |oeecanaladenaas A-3 (0)
5 Secondary observation we 7% R N 99.3 | 70.7 | 23.2 | ool ST CF T PR P A-2-4  (0)
s Numerator is altitude of water table in October 1960. 4A 634 | ool __ 95.8 | 66.5 LR S <40 €10 oo oo o~ A-2-4  (0)| AM2
= Denominator shows estimated range in altitude of
w 2 34—72 | | 99,7 72.2 3 R ) | e <40 =0 [ I P | P — A-2-4 (0)
water table during 1950-62 based on measurements 0—8 98.5 69.6 18.9 40 <10 A-2-4 (0)
from 1959 to 1962 and comparison with primery | | 0 |emeeee|econao > . il e e S T e <40 S 10 e men
ebaervation-well records 4B 882 |aceic]srnacs 96.0 | 67.4 i Uy o [ [ | | S <£40 - [0 |eepeuwmmsallasicsscscs A-2-4  (0) | AM23
32-72 | 98.1 | 64.0 % - | T | <40 Nl oot e A-3 (0)
o 1 42-56 | ______|._.____ 99.5 | 78.4 RN S P — NL | NP | |ecmamans A-2-4 (0| F
R 5672 | .. | ... 100 80.9 "X N P <40 | NP |_ .o |oocmoooo. A-3 (0) | AM23
§ 33 Domestic or farm well 06 [ oo 99.9 | 77.8 LY R R <40 <10 || ___. A-2-4  (0)
) Numerator is altitude of water table in October 1960. 5B 6—20 | __|______ 99.8 | 79.4 i (T (I 14 ;I N A-2-4  (0)| AM23
== Denominator, where given, shows estimated range in 100 NP A-
. altitude of water table during 1950-62, based on 2 or 28:'1]2 """""" gg 9 gig 3?3 """""""""""" ::8 2 e A- 3_4 gg;
S 3 measurements and comparison with primary and | | % |=-e---o|o--o-o ~ * 2ol e s i ettt (et S 5 o I o e e e et i
20 secondary observation-well records 5C 18-36 | -rcncn|srmeaas 99.5 | 84.0 2ic o [ ST 10 I (b {0 PSRRI | P, A—2-.4 (0)| AM2
o 8=02 | ool 98.6 4.4 12,4 | oo o __ < 40 10 | ccctse el sswsswsss A-2-4 (0)
g§ 10 2-26 | oo e 99.9 81,5 3 [T TN Al s <40 <10 [ ermecmrsa|ik ettt A-2-4 (0)
Water-table contour 6A 268 |ccumcen| semwen 100 95.5 O P (S S ¢ S < ¢ O | DA A-2-4 (0)| AM2
Number shows altitude of water table in feet above 4802 Noneclocnens 100 96.7 | (P | S < 40 0 [0 I I | ——— A-2-4 (0)
mean sea level in October 1960. Contour interval 10 08 | | __ 98.0 | 81.5 <07 U R, (P < T I B VTR R (R——— A-2-4  (0)
feet. Relative position of water table in October 6B 8-24 |______|______ 99.9 | 91.0 o) S < 40 <t o (O (SN (R A-4 (1) | AM34
1960 is shown in hydrograph (figure 2) 2472 |_ _____l100 81.0 R R < 40 105 0 P N A=3 0)
5 6C 0-72 100 68.7 i L (e | e S <40 L D S| P e A-3 (0) | MB3
Perennial stream 0—9 || 99.9 | 84.2 (R T e | [ <40 NPR (e s Rae e A-3 (0)
Bottom of stream chammel almost always below water 7A 942 | |o_o___ 99.5 | 82.0 VT T R, [ <40 (<10 | oo oo A-2-4  (0) | AM23
J table 42-48 56,8 | 22,9 -8 R LE N T R S A-1-b _ (0)
———— e e — 7B 0-72 e 100 89.3 0 T ey <40 = [ [ P e — A-2-4 (0) | AM2
_  [— Intermittent stream 0=6 | el 100 85.9 p- I U P, (R — 40 [€X0 | covcnmeses | comesme sw A-2-4  (0)
32/30" 36 32/30 Bottom of stream channel above water table part of the 8B 6—21 | ______|__-____ 100 88.3 BH.9 | e e s s NL NP | uceccccaalcmsmmaanl A-4 (0) | AM34
time and below water table part of the time 2148 |- liinos 99.8 | 86.9 - N (P < 40 NP | e A~3 (0)
s/ v § ! Based on AASHO (American Association of State Highway Officials) Designation: T89-49,
2 Based on AASHO Designation: T91-49,
- 3 Based on AASHO Designation: T180-57,
* Highway Research Board System (see table 2); group index given in parentheses.
Map symbol was determined from laboratory data and does not always agree with unit shown on map. Detailed field reconnaissance has
- shown that some sampling sites were not representative of the predominant soil in the area.
TABLE 4. —Characteristics of the engineering soil types in the Bethany Beach area
5 Engineering properties
2 .
: Soil In place Disturbed Suitable
- o 1 Description Origin compaction
; . . Suitabili equipment
Suitability ag Suitability as a itahility aa Compaction e
betade’ . face’ embankment h i
a subgrade wearing surface material characteristics
: . . : Excellent to good .
AM2 Nolnp11;§st1c tg silf'?tly Flljliv%ai deposits of Goad depending on Good Gaod Rubb.er-tlred
plastic sandy soil. eistocene age. binder present, equipment.
Rubber-tired
s Excellent to good |Good if predom-| Good if pre- eq}npmfent for
e . Nonplastic, generally depending on inant material dominant ma- Is)ilel d:rilicn};r:tsly
- 39 : Fluvial deposits of : binder present if | is A-2, Fair terial is A-2
AM23 1 d - | A-2. Vi
§ poorly graded sandy Pleistocene age. Goud to falr. surface is A-2, if predomi- Poor if pre- A 2.' Vibratory
2 soil. Fair i . . equipment for
air if surface nant material dominant ma- 2 Soz
S 1 t . SE soil which is
S » is A-3. is A-3. terial is A-3. :
0 40 MILES predominantly
: ! A-3.
FIGURE 1.—Index map of Delaware showing Good if mate-
Y ial left aft
‘ 7 location of the Bethany Beach area ;f; dizg iasL; " |Excellent to good |Good if predom-| Good if pre-
N\ Popdre) © g o Nonplastic to slightly . g predominantly dgpendmg 5 X ?nant mate1j1a1 don'una}nt iy .
I S oAy ! AM24 plastic, sandy and Fluvial deposits of A-2. Fair if binder present is A-2, Fair terial is A-2, | Rubber-tired
~\> Bra#eh Gut 4 silty sc’)il Pleistocene age. mat:erial left if surface is A-2.| if predomi- Fair if pre- equipment,
\ : _ weeove. o Little Bas ¥ after grading Fair to poor if nant material dominant ma-
B 7 NN S e 4 : ooy § . surface is A-4, is A-4. terial is A-4,
: ‘ b7 ,"k ‘ : Go : is predomi-
<H e CS;.: .. Strawbery Reecy TABLE 1— Explanation of letter symbols nantly A-4.
e ] ’Reedy | - 30 Symbol o If)xp lanation : AM3 Nonplastic, poorly Fluvial deposits of Fai Fai Fai P Vibratory equip-
30’ / ¢ AFM i‘_‘lll'fmal alluvial mantle, Pleistocene age. graded sandy soil. Pleistocene age, Bt arr 2k Ll ment,
v il
. P MB Marine beach. Sivial snd :
i MTM Marine tidal marsh. Slightly plasti it b;zwa lfm gossr Rubber-tired
% : i Z Swamp deposit. 1 y plastic, silty Yy eollan depos- . ’ y < ubber-tire
, . A M4 and clayey soil. ite of Pleistocene Fair to poor. Fair to poor. Fair to poor. Fair to poor. equipment.
‘ W age.
Pond Nonplasti
; plastic, gravelly to . i
MB13 poorly graded sandy Mar1.ne R da- Fair Fair Fair Fair Vlbrgtory
S5l posits., equipment,
obe. 3 « b
- / o 89 i Nonplastic, poorly Marine beach de- ] : . Vibratory equip-
/ - 3 4 : ; : SOIL SYMBOLS . Mg graded sandy soil. posits. Bade Fair salx Poor ment,
. : X I : The map symbols used in this report to designate
@ / ‘ DR » the various types of soils are a modification of the Fill. In general, non-
v R . < system used in the engineering soil survey of New F plastic to slightly Undetermined Variable Variable Variable Variable Variable,
\} Jersey (Rogers, 1955). The first part of the symbol plastic, sandy soil.
, is a letter, or group of letters, which identifies the i
N : * parent material according to the classification devel- Bail plok i seean -
SR = ‘ . ganic ma
S 2% N ( oped by Lueder (1950) (see table 1). The second part _terial and subject to  [Tidal marsh de- , , . . A
vq'}c son \, e N ‘ : of the symbols is a number which identifies the soil MTM inundation by high tides.| posits Variable Variable Variable Variable Variable.
o & Cre ek i T ] group according to the classification system adopted No definite profile i :
3 . NI : \ by the Highway Research Board (Allen and others, :
s Laws Pt ; . ' 1945) and used vylth some modifications by the Sail rich in organic ms-
Q . 6 Bennett Point Delaware State Highway Department (see table 2). :
< e A i q < terial and frequently
o 3 . A two-digit number indicates that two soil types are . .
s ' - ool s N 5 Ay poorly drained. May be [Swamp deposits of / . : . .
%) stk § , present within !:he same soil profile; for example, t!le z arsinetiic o diilow Recent age Variable Variable Variable Variable Variable.
. U symbol AM23 implies that both A-2 and A-3 soils Fore s ypiell | :
! are present in the same soil profile, but usually in orpclay y gravel, 2
; ; e B different horizons. .
LITTLE ASSAWOMAN iy e e g Two different soil symbols may be combined by a S —— " . -, bol (AM2/24). but th ) —— - _—— i
v e i : ; diagonal bar (AM2/24). A diagonal bar indicates o 1d erer}b s(;n s mayt 1e combined into a single map symbo /24), bu e engineering characteristics of the individual soil types
NWICK ISLAND : that two soil types (AM2 and AM24) are present R T SUBELEIOS DEPRTRGEAY. oy . .
BAY 6 STA TOWER within the same area, but not necessarily within the For soil ty'pe§ designated by .tWO-dlglt nunflbers, these: columns ref‘er to the ‘compois;te soil. ) .
same profile. The two soils are so finely interspersed o 4When not subject to frost action. Frost will affect soils that contain appreciable silt and clay and have a high moisture content.
that they cannot be mapped separately. Untreated. Additives may aid in stabilization of the sandy soils and minimize dusty conditions.
4% | R oy 1t
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DECLINATION, 1964
CONTOUR INTERVAL 10 AND 20 FEET
DATUM IS MEAN SEA LEVEL
DEPTH CURVES AND SOUNDINGS IN FEET—DATUM IS MEAN LOW WATER
SHORELINE SHOWN REPRESENTS THE APPROXIMATE LINE OF MEAN HIGH WATER
THE MEAN RANGE OF TIDE IS 2.6 FEET IN INDIAN RIVER INLET
AND 4 FEET ALONG THE OCEAN
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