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$Su kaynaklarinin gelistirilmesi ile ilgili konu ve problemlerin ge-
nis capta etiid edilmesini saglamak tizere Tirkiye, biiylk ya da -ben-

zer kosullara sahip- orta ve kii¢lik akarsular gbzoniine alinarak, 26 dre- -

naj havzasina boliinmiigtir (7; S. 12).

Bu havzalardan birisi, baslicalarini Burdur Golii, Ac1 G6l, Corak
Gol, Salda Golii, Yarigh (Yarasl) Golli, Pimnarbasi Golu ve Karatas
Golirnin meydana getirdigi, degisik boyut ve Ozellikte bircok golle-
rin havzalarindan olusan «Burdur Goller Havzasi» dir. Yiizoleumii 6374
km? olan bu havza, bir «kapali havzalar toplulugu» niteligindedir.

Bu kapali havzalar topiulugu icinde yer alan ve yiizol¢imi 3212
km? yi bulan Burdur havzas: ise, toprak taginmalarinin yayginhgi, se-
dimentasyon zararlarinin kapsam ve biiyiikligi bakimlarindan o6zellik-
le ilgi cekicidir.

Burdur havzasi, olusum bakimindan tektonik bir depresyondur.
Ancak cevrede kalker formasyonunun yaygin olmasi nedeniyle, depres-
yonun olusumunda tektonik olaylarin yanisira karstik olaylarin da
Jonemli dletide katkisi bulundugu bir gercektir (2; S. 1-15). Depresyo-
nun en al¢ak yerini, yuzolciimi 202 km* (6; S. 12) ve en derin veri 72
m (8) olan Burdur Golu kaplamaktadir.

Burdur Goliiniin su seviyesi, uzunca bir slredir yiikselmekte, bu

durum yoredeki halkin sosyal ve ekonomik yasantisini olumsuz yonde ]
etkilemektedir. Bu yazida, adi gecen seviye yiikselmesinin s6z konusu §

olabilecek nedenlerine ve ozellikle seviye yiikselmesinin cevredeki top-
rak tasinmalan ile iliskisine deginilecek, gelismenin zararll sonuclari
lizerinde kisaca durulacaktir.
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Burdur Goliniin denizden yiiksekligi (kotu), 1949 baskili ve
1/200 000 Olgekli Turkiye haritasinda 845 m, 1960 baskili ve 1/25 000
olcekli Tirkiye haritasinda 850 m, 1968 baskil1 ve 1/100 000 &lcekli Tiir-
kiye haritasinda ise 854 m olarak gosterilmektedir. Ilk bakista kotlar
arasindaki bu 6nemli farkin harita yapim yontemlerindeki gelismeler-
den dogdugu diisiiniilebilirse de, bunun dogru olmadig1 ve s6z konusu
yiikselmenin bir gercegi ifade ettigi sdylenebilir.

Goéliin cevresindeki koylerde yasayan birgok Kisiler, gl sularinin
1947 yiinda ylkselmege bagladiginda birlesmektedirler. Ancak golde
diizenli seviye dlgmelerine 1960 yilinda baglanmig olup, bu dlgmeler gii-
niimiizde de siirdiriilmektedir. Devlet Su Igleri 182. Sube Bas Miihen-
disliginin yonetim ve denetiminde yapilan dlgmelerin 1960-1971 su yil-
larina® ait degerleri Tablo 1’de verilmistir. Bu tablodan goriilecegi iize-
re 1960-1971 su yillan arasinda kot ortalama olarak 5.64 m yiiksclmis
tir. ’

Goldeki su seviyesinin yiikselmesinde etkili olabilecek faktorler
arasinda sunlar s6z konusu edilebilir:

1. Cevre ikliminin degiserek yagiglarin artmasi, dolayisiyla da si-
cakligin ve buharlasmanin azalmasi,

2. Epirojenik hareketler sonucu gol tabaninda bir kubbe1e§me
meydana gelmesi,

3. Cevredeki baz1 kii¢iik g6l ve batakliklarin kurutulmasi amacvly-
la, buralardaki sularin Burdur Goliine akitilmasi,

4. GOl tabanindaki ve kiyilarindaki gidegenlerin (diiden; ponor)
zamanla havzadan gole taginan materyalle tikanmig olmasi.

Cevre ikliminde -Kisa siireli de olsa- yagiglarin artmasi, dolayisiyla
da sicaklifin ve buharlagmanin azalmasi sonucunu doguracak énem-
i bir degisiklik saptanmamigtir (Burdur'un séz konusu yillardaki yil-
lik yagis miktarlar, kabaca bir fikir vermek iizere Tablo 1’de gosteril-
migtir). Yukarida sozii edilen donemde golde yillik yiizeysel buharlag-
ma en yliksek (1961, 1962, 1971 yillarinda) 640 mm, en az (1969 yilin-
da) 430 mm olmustur. Goliin gevredeki yapistan sagladig: su geliri, or-
talama olarak yilda 502 mm dir. Bu duruma gére golden bir yilda bu-
harlagan su miktari, goliin yiizeysel akistan sagladign su miktarindan

*) Su__ yili, bir 6nceki yilin Ekim ayinda baglayip, o yihin Eyliil ay1 sonun-
da biter. Ornegin 1970 su yili, 1969 yilimin Ekim, Kasim, Aralik, 1970 yilinin
da Ocak, Subat, Mart, Nisan, Mayis Haziran, Temmuz, Agustos ve Eyliil ayla- -
rim: kapsamaktadir.
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fazladir. Dolayisiyla Burdur Géliiniin esas itibariyle karstik yeralti su-
yu ile beslendigi anlasilmaktadir. Bu nedenle goldeki seviye yiikselme-
sinin cevredeki iklim degisikligiyle onemli bir iligkisi olmadigimi sdyle-
mek miimkiindiir (4; S. 1-4). Beysehir Goliinde Burdur Goéliindekine
benzer seviye degismelerinin 35 yillik «Briickner Peryodu» na uygun
oldugu gorilmiistiir (1; S. 79-80). Ancak Burdur Goéliindeki seviye de-
gismelerinin peryodik olup olmadigl, seviye Slgmelerinin kisa siireli ol-
mas! nedeniyle simdilik belli degildir.

TABLO : 1
BURDUR GOLUNDE 1960-1971 YILLARI ARASINDA SEVIYE DEGisimi

} | ! Yillar
Maksimum | Minimum Yiligindeki| Ortalama = Arasinda Yillik
Su Seviye Seviye Seviye Seviye ‘ Seviye Toplam
Yih {m) (m) |Farki (m) (m) | Farki (m) |Yagis (mm)
1960 851.82 851.14 | 0.68 85148 | 518.9
1961 | 852.21 85123 | 0.98 Bstrz  * 0% 366.0
1962 851.94 851.31 0.63 85163 | ' 418.1
1963 852.52 851.29 1.23 gs1.91  + 028 412.7
1964 852.25 851.76 049 | 85201 + 0.10 394.0
1965 853.10 851.66 | 044 | 852.35 + 0.34 474.4
1966 853.80 852.45 135 | 8s312 | T 077 503.3
1967 854.40 853.10 120 , 8s37s  + 083 353.8
1968 855.34 85373 . 161 gs453 , + 178 515.8
1969 857.10 854.90 220 8600 | * 1.47 615.2
1970 857.45 856.58 087 85702 | T 102 286.6
1971 857.43 856.81 062 85712 | T 010 —
Toplam g !
Fark 5.61 5.67 — | 5.64 l — —
|

Gol tabaninda su seviyesini onemli Olgilide etkileyecek epirojenik
bir kubbelesme meydana gelmis olmasi ihtimali de ¢ok zayiftir. Clinkii
boyle bir olayin, golii cevreleyen arazide de yilikselme ve alcalmalar
seklinde baz deformasyonlara yol agmasi beklenir. Boyle bir durum
saptanmadigina goére, bu ihtimal de bir yana birakilabilir. Kald1 ki 1971
yilinda Devlet Su igleri tarafindan yapilan gol tabanina ait egyiikselti
egrili iskandil haritasinda da bdyle bir durum goriilmemektedir.

Cevredeki kiigiik gol ve batakliklarin kurutulmasi amaciyla bura-
lardaki sularin Burdur Goéliine akitilmasi, ayrica ve etrafli olarak iize-
rinde durulmasi gereken bir konudur. Ornegin Karatag Golii sularindan
bir kisminin bir kanalla Burdur Goliine akan Bozgay’a verilmesi, gole
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belli dl¢lide bir katki saglamistir. Bu ve buna benzer bazi tedbir ve uy-
gulamalarla Burdur Goliine akan su miktarinda bir 6lgiide artis mey-
dana geldigini kabul etmek gerekir. Ancak -kesin miktar verilmemekle
birlikte- bu artisin, yukarida belirtildigi gibi yiizeysel akistan sapla-
dif1 sudan fazlasini buharlagmayla kaybeden goliin seviyesinde de-
vaml1 bir yiikselme meydana getirebilecek ol¢iide olmadigini sdylemek
mimkindir. -

Bu durumda, golii tabanindan karstik galeri sistemleriyle dig dre-
naja baglayan yeralti irmaklarma ait agiz kisimlarinin, siltasyon so-
nucu kapanmig oldugu diiglincesi énem kazanmaktadir. Bu diisiince-
nin hakli oldugunu kanitlayan bazi hususlara kisaca deginelim:

Yerli halk arasinda, Karakent koyi civarindaki Kapiburnu kalker
kiitlesinin oniinde goéliin bir gidegeni (suyutan) oldugunu bilen ve
buraya atilan samanlarin 40 km kadar kuzeybatida, Cardak’taki kay-
naklardan ve Aci Goélden c¢iktigini sOyleyenler vardir. Bir zamanlar
golde karsidan karsiya kereste taglyan ve anafordan korkarak Kapibur-
nu yakinlarindan ge¢cmekten dikkatle kacindiklarini séyleyen yagh ka-
yik¢ilar halen hayattadir. Ayrica Kapiburnu éniinde zaman zaman yer-
altindan patlamaya benzer sesler geldigi ve bu olaylardan sonra gdolde-
ki su seviyesinin hizla diistiigii yaghlar tarafindan sdylenmektedir.

1971 yili yaz aylarinda Istanbul Universitesi Cografya Enstitiisii
Fiziki Cografya Kirsiisiinden Do¢. Dr. Muzaffer Bener ile As. Dr. Kor-
kut Ata Sungur’un Burdur Goli cevresinde yaptiklari, benim de katil-
mak ve yararlanmak firsatini buldugum morfolojik etiidler sirasinda,
Kapiburnu kalker kiitlesinin i¢inde biiylik bir galeri sisteminin varhg
saptanmistir. Bu sistemin agz bugiin su seviyesinin ¢ok iistiinde olup,
aciktir. Bu galeri ile baglantilh olan gol tabanindaki suyutanin, za-
manla cevreden gole gelen tasinti materyali ile tikandig1 anlagilmak-
tadir.

Ote yandan Cergin koyii civarmda ve gol kenarinda, ayrica Gol-
bagt koyii arazisinin goéle bitisik olan kisminda yakin zamanlara kadar
varlig1 bilinen diidenlerin de tikanmis oldugu, cevre halki tarafindan

-soylenmektedir.

Havzanin yukari kisimlarindan aginip tasinarak golge kadar ge-
len topraklar, yalniz goldeki su dengesini saglayan gidegelenleri ti-
kamakla kalmamakta, ayn1 zamanda goliin tabanini da yavag yavag
doldurarak, su seviyesinin yiikselmesine yardimeci olmaktadir.

Burdur Goli havzasinda toprak erozyonunun hiz ve giddet ka-
zanmasinda, arazinin yanlis kullanilmasinin yanisira dogal kosullarm
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da rolii biiyliktiir. Thorntwaite smiflanmasina gére havzanin iklimi
(DB.’sb,’), «yarikurak, ikinci dereceden mezotermal, su fazlasi Kig
mevsiminde ve orta derecede, karasal iklim kosullarindan cok deniz
(Akdeniz) iklimi kogullarina yakin» iklim tipine girmektedir.

Ortalama yafis miktan bakimindan Burdur Golii havzasi, yurdu-
muzun orta derecede yagis alan Kisimlarindandir (9; S. 3). Ancak aylik
ve yilik yagis miktarlari yildan yila dnemli farklar gosterdigi gibi,
yagislarin yil icindeki dagiliglari. da egit degildir. Nitekim Temmuz
bagindan Eyliil sonuna kadar Burdur'da yilhik yagisin ancak % 7,1 i
diigmekte, bundan da anlasilacag tlizere yaz baglarindan sonbahar or-
talarina kadar havzada oldukca siddetli bir kuraklik s6z konusu olmak-
tadir.

Havzadaki yagislarin o6zellikle sicak mevsimlerde saganaklar gek-
linde olmas: dikkati ¢ekiyor. Daha ¢ok topragin heniiz nemli oldugu ilk
yaz aylariyla, sonbaharmn ilk aylarinda goriilen «konvektif» yagiglar,
genig alanlardan ¢ok dar alanlara su birakan, kisa siireli ve siddetli
vagislardir. Nitekim zaman zaman Burdur’da yillik ortalama yagigin
yaklagik olarak % 25 inin 24 saat icinde diistiigii goriilmektedir.

Jeolojik yapr da erozyonun siddetini belirleyen faktorlerdendir.
Burdur havzasinda genellikle Mesozoik, Tersiyer ve Kuaterner’de olus-
mus jeolojik formasyonlar gériiliir. Bunlar icinde Mesozoik’e ait Kreta-
se ve oOzellikle Ust Kretase formasyonu genel olarak kalker, marn ve
konglomeralarla temsil edilmektedir. Kalker, kalkerli gre ve marn. ta-
bakalar birbirleri ile miinavebelidirler. Ust Tersiyer’e ait Neojen for-
masyonu icinde konumuz acisindan énem tasiyan Neojen flis serisi ise,
goliin dogu ve gineydogu kesimlerinde yaygindir. Bu seriyi meydana
geatiren kalker, marn, kil ve kalkerh gre tabakalar: da munavebehdlrler
(3; S. 1-36). S

Bilindigi gibi flis formasyonu, litolojik 6zellikleri bakimindan asmn-
maya ve tasinmaya c¢ok elveriglidir. Clinkii fligleri meydana getiren gre
(kumtas1), kum, marn ve ender olarak da kil tabakalari, aginmaga kar-
&1 direnci zayif olan tabakalardir. Killi ve marnh tabakalarin iist yii-
zeyleri yagislar sirasinda ¢abucak su ile doygun ve gecirimsiz hale gel-
mektedir. Bu durumda yagistan ylizeysel akisa gecen su miktar: fazla
olmakta ve bu sular, siserek gevsemis olan zeminin yiizeyindeki mater-
yali kolaylikla tagiyarak, oyuntularin hizla olu§up gelismesine yol ac-
maktadir.

Bunlarin yanisira, havzada bitki ve ¢zellikle orman ortiisiiniin yok
denecek kadar zayif olmasi, yamag egimlerinin-gzellikle Burdur depres-
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yonunun dogu ve giineydogu kesiminde NNE-SSW dogrultusunda uza-.
nan fay dikliginin énindeki yamaclarda- % 100 iin iizerine cikmasi
da toprak erozyonunun hiz ve kuvvet kazanmasma yol acan faktorler-
dendir. Topraklarin genellikle organik maddelerden yoksun olmalar:
da bu arada sayilahilir.

- Burdur Goli havzasindaki toprak taginmalarinin siddetini sapta-
mak amaciyla tarafimdan yapilan aragtirmalarda, degisik toprak, bitki
értiisii, egim ve baki kosullar1 altinda yiizeysel erozyonla her yi 1,5-7
mm kalinhipinda topragin tasinmakta oldugu bulunmugtur. Ortalama
bir deger olarak yilda 4 mm kalinliginda topragin tasindigi kabul ediiebi-
lir. (Biitin Turkiye i¢in bu ortalama deger, bilindigi gibi en az 1 mm ka-
bul edilmektedir) (12; S. 7). Bu duruma goére yilda 40 m?/ha, ya 4000
m?*/km? toprak yiizeysel erozyonla tasiniyor demektir. Bu miktara bir
de oyuntu ve mecra erozyonu ile tasman toprak miktarlarimi katmsak
gerekmektedir. Oyuntu ve mecra erozyonlar i¢in, yiizeysel erozyonun
% 20 si gibi bir deger almak yoluna gidilebilir (5; S. 20). Bu takdirde -
Burdur Golii havzasindan yilda 48 m®/ha, ya da 4800 m®/km* topra-
gin tasinmakta oldugu ortaya c¢ikar. Géliin kapladign alan disinda
kalan havza ytzolelimii 3212-202. = 3010 km?® oldugundan, havzadan
yilda toplam olarak 14.448.000 m® topragin tasinmaktia oldugu anlagil-
maktadir. :

Yerlerinden koparilarak yamaclardan asagilara tasinan bu mater-
yalden ne kadarmin gole kadar gelebildigini, baska bir deyigle «letim
katsayisi» nin ne oldugunu hesaplayabilmek ic¢in elde yeterli veriler
yoktur. Ancak yagig alaninin pek biiylik olmamasi, dere sikhiginin -6zel-
likle sel derelerinin ¢oklugu nedeniyle- fazla olmasi ve dere boylarmin
cogunlukla uzun olmamalar:t distiniiliirse, havzadan tasinan bu ma-
teryalin en az % 10 unun gole kadar ulastigini kabul etmek mimkin-
dir. Bu hesaba gore her yil cevreden gole en az 1,5 milyon m?® toprak
akmaktadir. Cesitli topraklar i¢in 6zgiil agirhgin 1,5 ton/m?® olarak ka-
bul edilebilecegini du§unursek gole yilda 2,25 mllyon ton toprak tagmn-
dig1 soylenebilir.

Burdur Golii cevresinde yaygin bir bicimde goriilen tasinti konileri
ve bircok derelerin géle ulagtigl noktalarda olugsmus bulunan deltalar
da havzadaki materyal taginmalarinin kapsam ve onemi hakkinda ka-
baca bir fikir verebilmektedir. Burdur Golii ¢evresinde goriilen ve yer
yer birbirine eklenerek genis bir «etek ovas goriiniimii kazanmig bu-
lunan tasinti konileri, genellikle eski konilerdir. Bu arada bir¢cok yeni
tasint: konileri de olusum ve geligsimlerini siirdiirmektedirler.

"GO0l cevresinde goriilen deltalarm en biiyligli, Burdur ilinin 1gmden
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gecen Kurna Deresi tarafindan meydana getirilmigtir. Gergekten de
bu derenin yukarlardan getirdigi tagnti materyali goli bu kisimda
daraltmis ve Alibey Ciftligi civarmnda genis bir deltanin, géliin igerile-
rine dogru ilerleyerek 6 km lik bir yay meydana getirmesine yol ag-
mistir. Buna benzer bir durum, goliin giineybatisindaki Karakent koyl
yakininda goériilmekte, Koru Deresinin olusturdugu delta goliin igle-
rine dogru ileriemektedir.

Kisaca sOylemek gerekirse, jeolojik devirler boyunca Burdur dep-
resyonunun gelisimi iizerinde dnemli etkiler yapan sedimentasyon olay-
lar1 giiniimiizde de etkisini -artan bir bigimde- siirdiirmekte, havzadaki
bitki ortiisiiniin 6zellikle yakin zamanlarda tahrip edilmesi sonucunda,
dogal dengenin bozulmastyla hiz kazanan erozyon ve siltasyon sliregleri
(process), havzanin yukari kesimlerinden taginan materyalin gol ca-
nagm giderek doldurmasina yol agmaktadir. Gol tabanindaki gide-
genlerin tikanmasina ve gol hacminin azalmasina sebep olan bu ma-
teryalin, son yillarda goéliin su seviyesinde goriilen onemli Olciideki
yiikselmenin de baglica nedeni glmasi, akla yakin bir diglinusgtdr. Ay-
n1 diigiiniige dayanilarak gél tabanmda eski gidegenlerin, ya da yenile-

rinin acilmasi Devlet Su Isleri tarafindan denenmig, fakat bu girigim-

den simdilik olumlu bir sonug¢ alinamamigtir.

Bilindigi tizere yeryiizii sekilleri siirekli bir degisim iginde bu-
lunmakta, baslica yeryiizii sekillerinden olan goéller de jeomorfolojik
goriis acisindan «gegici» olusumlar bigiminde nitelendirilmektedir. Gol-
ler zamanla ortadan kalkarak, yerlerini aliivyal ovalara, ya da turba-
liklara birakirlar (10; S. 100). Géllerin ortadan kalkmasina yol acan

nedenlerin en énemlisi, gollere dokiilen akarsularin fazla miktarda ta- |

sint1 materyaliyle yiiklii olmalaridir. Bu durum gél ¢anaginin dolma-
sina yol agmakta, 6zellikle sig gollerde dolma, kisa siirede gerceklegebil-
mektedir.

Burdur Golinin en derin yerinin Kapi Gegidi onlerinde oldugu
ve bu derinligin eski olgmelere gore (gdliin su seviyesi 845 m kotun-
da iken) 110 m yi buldugu bildirilmektedir (11; S. 36). Buna gore gol

tabanindaki en alcak yerin kotunun 845 -110 = 735 m olmasi gerekir. ]

Oysa D. S. i’nin 1970 yii sonunda tamamladig1 iskandil haritasmn-
da, en alcak noktanin kotunun 782 m civarinda oldugu agikca gorili-

yor. Sozii edilen ve yaklasik olarak ayni yere rastlayan iki kot arasinda.

782-735 = 47 m fark vardir. Ilk dlgmenin yaklagik bir deger olarak
kabul edilmesi halinde bile, gol tabaninin en algak kisminda -siltasyon
sonucu dolma nedeniyle- 40 m kadar bir yiikselme meydana geldigi or-
taya cikmaktadir. Ancak bundan sonra belli aralarla yapilacak iskan-
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diller, g6l tabanindaki degisikliklerin gercek durumu ha.kklnda kesin
bir bilgi sahibi olunmasini saglayacaktir.

Burdur Goéliine cevredeki yamaclardan tasinip gelen fazla miktar-
daki materyalin, goliin su seviyesinde izlenen o6nemli ol¢iideki yiiksel-
menin baglica nedeni oldugu gériliiyor. Bu yiikselme sonucunda gilii
gevreleyen ve havzanin en verimli tarun alanlarini olugturan ovalarm
gole bitigik olan genig bir geridi su altinda kalmig, goliin glineyindeki
verimli ovanin bir kismi da bataklik haline gelmistir.

Golin su seviyesindeki ylikselmenin dolma ile orantili olarak sii-
rip gitmesi beklenemez. Iklim kosullarinin degigmeden kalacag: dii-
gliniilse bile, su seviyesinin yiikselmesi ve dolayisiyla goliin ylizey ala-
ninin biiylimesi sonucu artacak olan buharlasma ile gélin su gel.irlj
arasinda bir noktada denge meydana gelecektir. Kaldi ki, 1970 yiin-
dan bu yana yagislarin énemli dl¢iidde azalmasi nedeniyle su seviyesin-
de O6nce bir duraklama, sonra da gerileme meydana gelmistir. Ancak
havzadaki toprak taginmalari ve goéliin taginti materyaliyle dolmasi,
olanca hiziyla siiriip gitmektedir. Burdur havzasinda Agaclandirma ve
Erozyon Kontrolu Genel Midirligi’'niin, Burdur Toprak Muha-
faza Grup Miduarligi eliyle ylriitmekte oldugu bagarili caligmalar
sonunda bir¢ok derelerde yamaclarin ve mecralarin stabil duruma ge-
tirilmeleri saglanmistir., Bu caligmalarm olumlu sonuglarini cevre hal-
ki da gormis ve yararlarimi1 kavramig bulunmaktadir. Ancak bu ¢alig-
malarm dat}?. yaygm ve daha etkili bir bigimde siirdiiriilmesi i¢cin Toprak
Muhafaza Orgiitliine para, teknik ve yonetim agilarindan daha genig
olanaklar saglanmasi1 gereklidir. Topraklarin korunmasi, sel ve taskm
zararlarinin 6nlenmesi ve ¢iplaklasmig yurt parcalarinin yesil bir or-
man Ortiisiine Kkavusgturulmasi, ancak bu caligmalara daha cok onem
verilmesiyle gerceklesecektir.

OZET

Burdur Goluniin su seviyesi uzunca bir siiredir yiikselmekte ve
bu ylikselmenin olumsuz etki ve sonuclarn havzada onemli zararlara
yol agmaktadir.

Burdur Géliiniin denizden yiiksekligi (su yiiziiniin yaklagik ortala-
ma kotu), 1949, 1960 ve 1968 yillarinda basilmig topografya haritala-
rinda sirasiyla 845, 850 ve 854 m olarak gosterilmigtir. 1960 yilinda bag-
lanan diizenli seviye dlemelerine gore ise, 1960-1971 yillari arasinda

Or. Fak. Derglsl Seri: A — 1%
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6. D. 1. E. : «Tiirkiye Istatistik Yillig - 1971» D. i{. E. Yayin No. 670, Ankara

goldeki ortalama su seviyesinin 851.48 m den 857.12 m ye ciktif1 ve 1973.

poylece 5.64 m lik bir yiikselme meydana geldigh anlagiimaktadir. 7 DSL : «Haritall Istatistik Biilteni - 1070» Genel Yayin No. 689, Ankara 1870.

Géliin su seviyesinin yiikselmesinde etkili olabilecek degisik fak-
torler arasinda en Onemlisi, golu tabanindan karstik galeri sistemle-
riyle dig drenaja baglayan yeralt1 irmaklarina ait agiz kisimlarinin
siltasyon sonucu kapanmig pulunmas: ve havzadaki akarsularin gole
kadar getirdigi tasinti materyalinin, géliin sigigtirma (istidb) hacmi-
ni azaltmakta olmasidir.

8. D.S.1.: «Burdur Golii Iskandil Haritas1 1/ 25000» Ankara 1970.

9. Irmak, A. : «Tirkiye'de Kuraklik Meselesi ve Kurak Sahalarimizda Yapil-
mas1 Gereken Toprak Aragtirmalaris i. 7. Orman Fakiiltesi Dergisi, Seri
B, Cilt I, Say1 2, 1951.

10. Inandik, H.: «Akarsular ve Goller» i U.Cogr. Enst. Yaym  No. 28, fstanbul
1964.

Yapilan 6lgme ve hesaplara gore her yil havzanin yukari kisimla-
rindan koparilip taginan yaklagik olarak 14,5 milyon m? toprak mater-
yalinin 1,5 milyon m® kadan akarsular tarafindan gole kadar ulagtinl-
maktadir. Eski ve yeni Olgmelerin karsilagtiriimasiyla, gol tabaninda-
Xi en derin kismin cevreden tagmnan materyalle dolarak 40 m den
fazla yilkseldigi gorulmiigtir. Ayrica, yukarilardan tagimip gelen ma-
teryalin bliylik kismi gol cevresinde tagmnt konilerinden ve deltalar-
dan olusan genig bir ovanin meydana gelmesini saglamig bulunmak-
tadir. Bu koni ve deltalardan cogu, olugum ve gelisimlerini bugiin de
siirdiilrmektedirler.

11. Inandik, H. : «Tiirkiye Golleri» 1.0, Cogr. Enst. Yaymn No. 44, istanbul 1965.

12. Tavsanoglu, F. : «Sel Yataklarinin Tahkimi» 1. UU. Orman Fakiiltesi Yaymn
No. 119, Istanbul 1967.

Burdur Goli kapali havzasimnin iklim, jeolojik yap1 ve bitki ortisi
kosullar1 agisindan toprak erozyonuna cok elverigli bir durumda bu-
lunmasi ve arazinin yanhg kullanilmasi, havzada toprak muhafaza ko-
nularina bugiin oldugundan daha cok 6nem verilmesini gerekli ve zo-
runlu kilmaktadir. Bu ¢aligmalardan, hem Burdur’'u cevreleyen ciplak
yamaglarin yesil bir orman ortiisine kavugturulmasi, hem tarim ve
yerlesme alanlarinin sel ve tagkin zararlarindan korunmasi, hem de
cevreye ayrl bir guzellik ve ozellik kazandiran Burdur Goliniin siltas-
yondan korunmasl gibi cok yonll yararlar saglanmig olacaktir.
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INFLUENCES OF SOIL EROSION AND SEDIMENT DISCHARGE ON
RISE OF WATER-LEVEL OF LAKE BURDUR"

By
Ertudrul GORCELiOGLY
Assistant at the Facuity of Forestry,
University of Istanbul

An area located in southwest of Turkey is called as «Lakes Re-
gion», which comprises many closed basins and lakes. Western part
of this region, namely «Lakes District of Burdur», is also a composi-
tion of closed basins where many lakes, small and large, are spread
over.

One and the most important of the basins in the Lakes District is
Burdur basin, which has a special importance because of excessive soil
erosion and comprehensive sediment problems.

This basin is originally a tectonic depression; but, as the southern
coast of Anatolia is known to be composed, geologically, mainly of frac-
tured rocks, and because of widespread calcareous formations in the
District, it can be said that karstic processes, also, have played an im-
portant role -together with those of tectonic ones- on geologic develop-
ment of this depression (1)?

Lake Burdur, having a catchment area of 3212 sq. km, covers an
area of 202 sq. km (5) in the middle of the basin, and has a depth of
maximum 72 meters.

Water-level of Lake Burdur had been rising continuously for a
long period of time and this phenomenon had brought some unfavou-
rable social and economic limitations for the population living around
the Lake. In this paper, some comments on possible reasons for this

1) Prepared for and submitted to the Eleventh Session of the Working
Party on the Management of Mountain Watersheds (EFC/FAO) held in Ankara,
Turkey, 3-13 June 1974.

2) Number in brackets denotes the llterature cited.
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rising of water-devel will be set forth, and a special importance will
be given to the relations between the rising of water in the Lake and
soil erosion-sedimentation processes.of its environment.

Elevation of Lake Burdur - or its mean water-level above that
of the sea - was shown as 845 m, 850 m, and 854 m respectively on
topographic maps printed in 1949 (scale: 1/200 000), 1960 (scale; 1/
25.000), and 1968 (scale: 1,100 000). These differences botween the ele-
vations aren’t coming from the use of various methods of map-pro-
duction; but, we can say that they simply show different mean water-
levels of the Lake in those years.

Many persons who live in the surrounding villages agree that the
water-level of Lake Burdur had begun to rise in the year 1947. But
regular measurements of level dates back to only 1960. Results of these
measurements made by State Waterworks Organization, are shown in
Table 1 for the years between 1960 and 1971. It can be seen clearly in
this table that the average water-level in 1971 is 5.64 m higher than
that of 1960.

The most important factors, which possibly may have some inf-
luences on the rise of the water-level of Lake Burdur, can be thought
as fallows:

1. Regional climate may be changed in favor of precipitation,
and, on the other hand, evaporation may be decreased because of lower
temperatures.

2. A partial or local height in the form of a dome may be raised
up at the bottom of the Lake as a result of epeirogenic movements.

3. Canalizing some of the waters from neighbouring small catch-
ments into Burdur basin in order to drain some swamps for gaining
of agricultural land may be effective on water-level of the Lake

4. Sinkholes transferring water into the underground galleries or
rivers may be plugged with eroded soil material delivered into the La-
ke by several streams and sheet floods.

Now, let’s consider each of these probabilities separately and try
to find out which one may be the most important reason for the rise
of water-level of Lake Burdur:

— A change of climate in favor of precipitation wasn’t observed
in the region for the years between 1960 and 1971 (Annual precipita-
tions for this period is given in Table 1). Maximum annual evaporation
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from the Lake surface -during this period- occurred in 1961, 1962 and
1971 as 640 mm, and minimum in 1969 as 430 mm. 502 mm of water
as an average was supplied annually into the Lake from the catchment
area. And it can be seen that the annual amount of water lost by
surface evaporation from the Lake is more than that received from
the catchment area. So it is obvious that Lake Burdur is highly sup-
plied with karstic underground waters. It is possible, therefore, to say
that this levelrise of water observed in Lake Burdur is not related
to regional climatic changes. By the way, we must point out here that
similar level fluctiations observed in Lake Beysehir since 1905 were
said to happen in accordance with a periodic change of climate which
is called as «Briickner period» of 35 years (6). But it isn’t possible to
say the same thing for Lake Burdur, because regular measurements
of level don’t comprise a long period yet.

— Any deformaticn at the bottom of the Lake as a result of epei-
rogenic movements seems improbable, because such an epeirogenic mo-

TABLE : 1
WATER-LEVELS OF LAKE BURDUR BETWEEN THE YEARS 1960-1971

| Annual Annual Annual
Maximum| Minimum ' Level | Average | Rise of Precipi-
Water | Level | Level | Fluctiation| Level = Level tation
Year* | (m) | (m | (m) m) | (m) (mm)
1960 | 85182 | 85114 | 0.8 85148 . [, 518.9
1961 | 852.21 g51.23 | 0.98 85172 | oo 366.0
1962 | 851.94 85131 |  0.63 85163 ' 418.1
1963 | 852.52 85120 . 123 851.91 T oo 412.7
1964 | 852.25 85176 0.49 852.01 034 394.0
1965 | 853.10 851.66 | 0.44 85235 | . oo 4744
1966 | 853.80 85245 | 135 85312 | T 'es 503.3
1967 | 854.40 85310 | 120 853.75 T ons 353.8
1968 | 855.34 85373 161 854.53 . 515.8
1969 | 857.10 85490 .  2.20 856.00 + i'ég 615.2
1970 | 857.45 856.58 |  0.87 85702 | 010 286.6
1971 | 85743 | 85681 ' 0.62 g1z |t —
Diffe- | | i
rence 5.61 567 — 564 ! —_ —
between | 1[
1960-1971/ ; | ‘

*) «Water year» begins on October Ist of the previous year and ends on 1
September 30 th of that year; e.g., water year 1970 involves the months October, ;

November, December of 1969, and January, February, March, April, May, June,
July, August and September of 1970. :

s
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vement would also lead to some deformations on lands surrounding
the Lake; but, there hasn’t been noticed any deformation around the
Lake (3). In addition, there isn’t such a deformative situation seen
on the isobatic map of the Lake which was made by State Waterworks
Organization in 1971. "

— It seems necessary to consider carefully the matter of canali-
zing some of the waters from some adjacent catchments to Lake Bur-
dur in order to drain agricultural lands and swamps. Lake Karatag,
for example, is partly drained by a constructed canal into Bozcay Cre-
ek which flows to Lake Burdur, and this may be thought as an extra
input for the natural water balance of the latter. It is acceptable that
some local treatments and applications of this kind have increased the
amount of water flowing into the Lake. But, this increase of a certain
amount seems not to be the reason of that continuous rising of the
water-level because there is an important difference between the quan-
tities of water flowing into the Lake and evaporating from it, as had
been stated before.

— And so, while other probable reasons are being excluded or
pushed back to the second plan, the idea of plugged sinkholes and
silting comes out clearly as having a strong effect on the rise of
water-level.

This idea is also supported by many proofs, and seems as an exp-
ression of the real situation. There are old inhabitants, for example,
who know that there was a sinkhole at the bottom of the Lake not far
from the calcareous mass of Kaptburnu Cape, and it is also said that
straw thrown to the Lake near that sinkhole had come out some time
later from the springs near Cardak and from Lake Acigol, which is
located in the NW of Lake Burdur. This underground connection of the
two basins has a lenght of about 40 km. Besides, an old boatman whb
used to carry timber many years ago across the Lake Burdur said he
-and the others who used to do the same job- always had to be ca.refiil
not to come close to that cape because of dangerously eddied waters
around it. Also some other old people said that a booming sound was
heard occasionally coming from underground at the same place, and
this was followed by a fast fall of water-level. As a matter of fact, du-
ring geomorphological studies around the Lake in 1971 (3), it was
found out that there is a widespread system of galleries inside the
caleareous mass of Kapiburnu. Mouth of this system is above the wa-
ter-level today, and it is highly possible that the sinkhole -which was
working years ago- at the bottom of the Lake is combined to this sys- -




%33 E GORCELIOSLU

tem. But, it seems that this sinkhole was plugged later with soil ma-
terial brought to the Lake by surface waters from the catchment
area, and doesn’t work anymore sinee a long time.

On the other hand, some other sinkholes known to be and work
at the eastern shore of the Lake and near the villages of G6lbas1 and
Cercin are plugged now with material brought by seme torrential
creeks.

These sinkoles and possibly many others are not transferring wa-
ter-at least enough water-any more into the underground galleries or
rivers. Besides, of course, soil material itself is also filling the Lake
gradually. And so, it can be said that soil erosion and siltation are
playing important roles on the rise of water-level of Lake Burdur.

Soil erosion in the catchment area of Lake Burdur is highly acce-
lerated by misuse of lands in addition to unfavourable natural con-
ditions. It will be useful to summarize these conditions briefly:

According to Thorntwaite’s classification, Burdur has a semiarid
and mesothermal climate with some water excess in winter, and is clo-
ser to oceanic conditions rather than continental ones.

Annual average amount of precipitation is about 437,8 mm. But,
monthly and annual amounts of precipitations are highly different
from year to year and, also, annual precipitation isn’t distributed nor-
mally all the year round. In fact, only % 7.1 of annual precipitation
is seen to fall between early July and late September in Burdur, and
so there is an extremely drought period from the beginning of Sum-
mer to the middle of Autumn.

Convectional rainfalls, which generally effect relatively small
areas, often have a torrential character, and are seen especially at the
beginning and at the end of Summer. For example, nearly % 25 of
annual average precipitation is observed to fall in a period of 24 hours
in Burdur.

Geologic structure and lithalogic characteristics of the District,
also, play an important role on the rate of erosion. Mesozoic, Tertiary
and Quaternary formations are lying in and around the basin of Bur-
dur. Cretaceous and particulary Upper Crctaceous formations of Me-
sozoic are generally repsesented by limestones, marns and conglomera-
tes. Strata of limestone, calcareous sandstone and marn are alternati-
vely sitting on each other. Neogenic flysch formations of the Upper
Tertiary, on the other hand, are widespreadly seen in the eastern and
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southeastern parts of the catchment area. These flysch formations are -
combined of alternative limestone, marn, clay and calcareous sandstone
strata (2). , ,

Flysch formations are known as having not enough resistance to
erosive agents, because each stratum of sandstone, sand, marn and
-ralely- clay which builds up these formations are highly erodible;
Outer surfaces of clayey and marnous strata, for example, are being
saturated with water and swelled in a short time during rainfalls,
and then, a large amount of water flowing down on the surface of the
slope is eroding these swollen material easily. This phenomena seems
to be one of the most important reasons of those deep gully forma-
tions developing on the eastern slopes facing to the Lake. '

In addition, destructed and inadequate vegetative cover of the
catchment area, slopes rising occasionally over % 100, and soils with
a little or without organic matter are also important factors which
are highly accelerating the soil erosion.

According to my researches and observations in Burdur basin car-
ried for more than three years, it was found that 1.5-7.0 mm of soil
is being surfacially eroded every year under relatively different soil,
cover, slope, and slope exposure conditions. Let’s say that 4 mm of
soil is eroded, as an annual average, and then it will mean that 40
cu. meter per hectar, or 4000 cu. meter per sq. kilometer of soil is
transported downward as a product of surface erosion. This amount
is generally accepted as being 10 cu. meter per hectare annually for
Turkey. (8). In addition, it is possible to take % 20 of the surface ero-
sion for watercourse and gully erosions. Then, it can be said that 48
m?/ha, or 4800 m?*/km? of soil is being transported annually in Burdur
basin. As the catchment area -except surface area of the Lake- is 3212-
202 = 3010 sq. km., we can say that totally 14 448 000 cu. meter of soil
is eroded every year from the catchment area of Lake Burdur.

We haven't enough data yet to find out a sediment delivery ratio
for the catchment area. It is possible, however, to think that at least
% 10 of the material eroded from the catchment area is being deli-
vered into the Lake of Burdur. Hence, at least 1.5 million cu. m of
eroded material, or in other words, more than 2 million tons of soils
are being carried to the Lake every year. '

By the way, widespread alluvial cones and deltas all around the
Lake are also giving reliable impressions of those highly important
erosion and sedimentation processes going on in the catchmeni ares
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Old and wide alluvial cones have a scenery of a pidemont plain es-
pecially on the eastern side of the Lake. Also many young cones of
dejection are continuously developing all over the lowlands around
the Lake.

The largest delta has been formed up near Alibey Ciftligi (Ali-
bey Farm), on the eastern shore, by Kurna Deresi (Kurna Creek),
which passes through the city of Burdur. In fact, material delivered
by this creek has developed a delta with an arch of 6 km, extending
into the Lake and narrowing that part of it. A similar situation can
be seen on the southwestern shore of the Lake, where a delta is
developing at the mouth of Koru Deresi (Koru Creek) near the Village
of Karakent.

Briefly we can say that these erosion and sedimentation proces-
ses -which had played important roles on the formation of Burdur
depression throughout the geologic epochs-were accelerated especially
during the last two or three decades by gradual destruction of vege-
tative cover and natural balance. As a result of accelerated erosion,
a large amount of soil material is being delivered to the Lake every
year. This material, which is plugging many sinkholes and filling
the Lake, seems to be .one of the most important reasons of. that
rise of water-level. The same idea, on the other hand, was the moti-
ve of efforts done by State Waterworks lo clear the mouths of the
plugged sinckholes, or to blow out new ones; but, unfortunately, these
efforts couldn’t be successful. ‘

By the way, there is a difference of about 40 meters between the
previous and recent measurements of the deepest poirxt of Lake Bur-
dur (7). This, also, shows clearly that Lake is silting up gradually
We’ll have more reliable knowledge about the rate of silting, however,
when fathometric measurements WVI be done penodmally

Rising waters of Lake Burdur, on the other hand, has cbvered é,
large strip of agricultural land surrounding the Lake, and some part
Qf the plain at the southern end of the Lake has turned into a swamp.

However, -this rise of water-level can’'t go on in accordance with
silting up, of course. Even.if the climatic conditions remain unchan-
ged. there will be a level of balance, because more water will .evapo-
rate from a larger water surface. In fact, rise of the level tends to
stop in 1970s, and even a gradual regression has been observed in
these years because of the lower rainfalls. But, unfortunately, it
isn’t possible to ‘use.the land -which, .once, was covered with salty

RESRA S0 T

SOIL EROSION ‘AND'  SEDIMENT DISCHARGE

waters of the Lake- for agricultural purposes at least for a long: perl-»,
od of time. . 'w

Soil erosion all over the catchment area, sediment problems m
lowland fields, and silting up of the Lake, however, are keeping
importance. By the way, it is a necessity of appreciation to teil
numerous watercourses and slopes of many streams or torre
creeks around the Lake were successfully stabilized by persistent . gz-~
forts of Soil Conservation Group of Forest Service in Burdur. Us
results of these efforts are clearly seen and understood by a large
amount of population living in the area. Nevertheless, it is necessary
to support the Corservation Group with more favourable fmancigl
and technical possibilities in order to maintain and extend its work)l
in a more effective manner.

A

R . rz

An effective conservation of soils, prevention of flood damages afid
reforestation of denuded landscapes all around the country can be
executed completely, I believe, when more importance and sufficient

possibilities are given to the regional groups of Forest Soil Conserva*
tion. "

SUMMARY v

Water-level of Lake Burdur had been rising for a long period of
time and this phenomenon was the source of widespread hazards im:
Burdur basin.

- Topographic maps printed with different scales in 1949, 1960 and
1968 shows the levels of Lake Burdur as 845 m, 850 m, and 854 m res-
pectively in- those years. And according to proper measurements madé
by State Waterworks Organization, average water-level of the Lake had
rised up from 851.48 m to 857.12 m between the years 1960 and 1971,
In other words, average measured water-level rise was 5.64 m in the'
last decade. :

One of the most 1mportant factors affecting this rise of level seems
to be large amounts of eroded material -delivered into the Lake by nu-:
merous streams and torrential floods. This material has plugged some:
sinkholes at the bottom and on the shores of the Lake, which were"
transferring water from this closed basin into the underground gallerics
or rivers. The bowl of the Lake is also being silted up by this mate
and losing its capacity gradually. :
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V... It is estimated that nearly 14.5 million cu. meters of soil is eroded
" annually in the catchment area, and about 1.5 million cu. meters - or
more than 2 million tons- of this material is delivered into the Lake
every year. In fact, the deepest point of the Lake Burdur seems to be
‘jessened about 40 meters, according to the previous and recent measu-
rements. Besides, a large amount of material eroded and brought down
from the hills has developed a large strip of piedmont plain which is
composed of several cones of accumulation and deltas. Also many ot-
her cones and deltas are on their way to development.

Climatic, geologic and vegetative conditions are quite favourable
-for accelerated erosion in the closed basin of Burdur. Therefore, it is
absolutely necessary to consider the problems of soil conservation more
seriously and to widen proper measures in the framework of a comp-
lete watershed management plan. These efforts will bring multiple
advantages, and, for example, denuded hills and slopes in and around
Burdur will be covered with green forests, arable and inhabited lowlands
will be protected from tforrential floods, and silting up of Lake Burdur,
which has a special effect on environmental beauty, will be prevented

. to a certain degree.
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